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THE 


Treatiſe has m_ d ev 
both in French and Latin, 
ne 2 ſufficient Teſtimony 
= how acceptable and uſeful 
it has been to the World, 
2999 and a juſt Apology for my 
tranſlating it into Eng/zſh: I ſhall not 
r trouble the Reader with any par: 
ticular Account either of the Excellency of 
the Subject, the Abilities of the Author, or the 
Method he has proceeded in, but refet them 
all to be judged of by the Book it (elf : Only 
as to the Notes the Reader is deſired to take \ 
Notice, that therein is a full Anſwer to ſuch 
Objections made againſt the Author as ſeem 
not to have any juſt Foundation, and a great 
many Things in Natural Philoſophy, Which 
have been ſince found out by the Pains and 
Induſtry of later Philoſophers, are here ſe- 
lected from the beſt Writers; and there are 
__—F alſo 
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The TzxansLaros's PREFACE. N 
alſo ſeveral Things added out of the Obſer- 


vations of the ancient Writers of Natural 


Philoſophy and Natural Hiſtory, where they 
feemed further to explain and ilkeftrave Mat- 
ters: In all which, to avoid Repetition, Grati- 
tude demands that the Reader ſhould know 
that there are a great many Things owing to 
the learned and induſtrious Dr. Laughton, and 
to the Reverend Mr. Morgan. The former 
of which communicated a great many Things 
diſperſed throughout the whole Book, and 
corrected Abundance of Errours: And fix 
whole Diſſertations are owing to the latter, 
viz. Thoſe concerning The Laws of com- 
municating Motion in elaſtick Bodies; The 
Explication of the Forces of the mechanici 
Powers, which are contained in this firſt 
Part, and thoſe concerning th Celerity with 
which heavy Bodies deſcend, the Motion 
of Projettiles, the Motion of Pendulums, 
and that concerning the Rainbow, Which 

are contained in the following Parts. 

THe fourth Part of this Work is but 
(ſhort, and not very perfect; wherefore it is 
thought more adviſeable to refer the Read- 
er to later Writers of Anatomy who have 
handled that Subject clearly and fully, than 
to tranſcribe ſo many Particulars. I hope 

the Whole will be agrecable and acceptable. 


THE 


TN : 
Authors PREFACE, 


IHE Treatiſes of Natural Phi- 
Atl loſophy which have hitherto 
been publiſhed, being pretty 
El much alike, both as to the 
Matter of them, and the 
Manner of handling them; 
It is eaſy for me to foreſee, that amongſt 
thoſe who read This, there will be a great 
many who will be at firſt ſurpriſed at the 
great Difference there is between this Trea-! 
tiſe and others. To prevent therefore in 
ſome Meaſure this Surprize, and to give 
what Satisfaction I can in this Matter, I 
think my ſelf obliged to give an Account 
of the Obſervations which I have made up- 
on the Philoſophy of the Ancients, and of 
the Method which I have taken in this 


Work. | 
IN reflecting upon the different Effects of 


Time, I have long ſince obſerved, how fa- 
vourable it is to ſome Things, which it 
is continually advancing to Perfection, and 
how pernicious it is to others, ſo as to 


ſtrip them of thoſe Beauties and Graces 
: A 3 Which 


The AUTHORs PREFACE... 
which they had at their firſt Riſe; and Ial- 
ways concluded that Arts and. Sciences can- 
not be of the Number of theſe latter, but 
that Time is ſo far from being prejudicial to 

them, that on the other Hand it is very ad- 
vantagious. For as a great Number of Per- 
ſons who cultivate the ſame Art or Science 
for ſeveral ſucceeding Ages, add their own 
Induſtry, and their new Light to the anci- 
ent Diſcoverics of thoſe who went before 
them, it is impoſſible but that ſuch. an Art 
or Science mult receive great Improvement, 

and arrive nearer and nearer to its * 
Perfection. 

AND thus I ſaw that Mathimaticks dia 
really increaſe by little and little in this 
Manner; as it is eaſy for any one to be con- 
vinced of, who conſiders only the vaſt Pro- 
greſs that hath been made by the great Ge- 
niuss of our Time, who have excelled all 
others in this Particular, and ſurmounted 
ſuch Difficulties as the moſt Learned in for- 
mer Ages confeſſed they were not able to 


ſolve. I ſaw alſo that moſt Arts were per- 


fected by Time; Workmen every Day find- 
ing out a Multitude of curious Inventions, 
which are not ſo much eſteemed as they 
deſerve, becauſe they are very common, 
and we do not enough take Notice of 
them. Though amongſt thoſe Engines which 
are employed in making Things of common 
Uſe, there is one chat has been lately in 

vented, which has in it ſo much C 
Vance, that this ſingle Thing deſerves to be 
more 
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The AUTH OR. PREFACE. 
more. admired than all the Inventions of 
Antiquity. 

Bur when I came to conſider Philoſo- 
phy, particularly Natural Philoſophy, I was 
very much ſurprized to ſee it fo barren as 
ot to have produced any Fruit, in ſo much 
at twenty Ages have paſſed, without any 
new Diſcovery made in it. 

HowEVER I could not perſuade my 
ſelf, that the Study of Natural Things was 
neglected, becauſe it was thought to be of 
no Uſe; for Health has always been eſteem- 


ed one of the chief Bleſſings of Life, and 


no one can be ignorant, that Phyſick, the 
ſole End of which is to maintain and re- 
ſtore Health, is built upon Natural Philo- 
ſophy. | | 

Nor could 1 ever perſuade my ſelf, that 
thoſe who improved this Science were leſs 


ingenious, than common Artiſts: For we 


find by Experience 'that in Families where 
there are a. great many Children, when 
they come to make Choice of their Profeſ- 


lions, thoſe of them which have the quick- 


eſt Genius, are appointed for Study, or vo- 


luntarily incline themſelves;to it; and thoſe 


only whoſe Underſtanding is not ſo good, 
apply themſelves to the mechanical Arts, 
and are contented with their Lot. 
HEREUPON I ſuſpected, that perhaps 
the Knowledge of Natural Things was a- 
bove the Reach of humane Underſtanding, 
ſo that it was in vain to labour to attain that 


-Which is beyond our Capacity: But when I 
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conſidered the ſurprizing Things done by 

ſome Philoſophers of our own Age, who 

within forty or fifty Years have found out 

Things which were looked upon as moſt dit- 

ficult, and which ſome have doubted, whe- 

ther ever they could be found out at all; 

I immediately caſt off this Suſpicion. f 

| So that I was forced to conclude, that 

| ) the Manner of philoſophizing, was the 

: Thing that had hitherto been miftaken, and 

| that the Errors therein which have been intro- 
Y duced, being ſuch as no Body had any Hopes 

| of finding out a Remedy equal to, were 
-a certain Bar to hinder the Approaches tas : 
| wards Truth. I ſet my (elf then to enquire 

wherein the Manner of their treating Phi- 
—_ loſophy was defective; and after having ex- 
"7 amined with the greateſt Diligence poſſible, 
what the Mcthod h has been from the "Schools 

of the Athenians down to this very Time; 

there ſeemed to me to be four 1 blame. 

of able in this Matter, 

Firſt, THE too great Authority that hath 

always been given to the Ancients in the 
Schools: For beſides that this prodigious 
Difference which is put between them and 

the Moderns, is without the leaſt Foundati- 

on; for Reaſon is to be found in every 

Place and every Age; it is certain that ſuch 

a blind Submiſſion to the Opinions of An- 
tiquity, is the Cauſe Why Perſons of the 
greateſt Genius, receiving ſuch Opinions for 

true without conſidering them, when per- 


haps e nay be falſe, have not an Op- 
* 


— 
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7 -ofknowing the contrary Opini- 
5 ons, nor canſequently of finding out all 
t thoſe other Truths that depend upon thoſe 
' which ſo fatal a Prejudice has hindred them 
- from ſeeing. And further, this ſtrong Per- 


3 ſuaſion of our being ſo much inferiour to 

; the Ancients, cauſes in us a Kind of Slug-/ 

t giſhneſs and Diffidence, which hinders us 

c from attempting to enquire into any Thing 

d at all. We imagine that Reaſon is limited 

)- at the Place where they ſtopped, - and that 

'S all is done that can be done humanely 

e i AJpcaking, if we go as far as they went. 

* Thus the greateſt Genius s contenting them- 

e ſelves with going over the Reaſonings of the 

1 Ancients, don't exerciſe their own Reaſon 

(- at all; and though they be never ſo capable 

e, of finding out any Thing themſelves, they 

ls contribute no more to the advancing Na- 

Z tural Philoſophy, than if they had not med- 

e dled with it all. 
I fay nothing in particular of that Vene- 

h ration which hath been paid to Ari/torte, 

1C though ſometimes it has riſen to ſuch an Ex- 

15 ceſs, that to alledge that he ſaid ſuch a Thing, 

d was ſufficient to make any One not only 

1- to doubt of what his Reaſon convinced him, 

ry but even to condemn it. I ſhall only make 

h this Obſervation; that the Imagination 

n- which a great many have had, that he knew 

IC all that could be known; and that all Sci- 

or ence was contained in his Books, hath 

'S cauſed the greateſt Part of the beſt Philoſo- 

p- phers ſince to apply themſelvęs in vain to 

ty & read 
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read his Works, to find out in them what 
was not there, and what they might perhaps 
otherwiſe have found out by their own In- 


genuity. But if there have been ſome 


who; not being quite ſo zealous as others, 
did not hope to reap ſo very much Fruit 
from reading him ; yet it always happened 
that the Deſire of recommending themſelves 
by explaining thoſe. Places which he left 
_ obſcure. (on Purpoſe, as ſome think, or elſe 
for Waat of better Light) hath made-them 
imploy their whole Strength of Mind, and 
all. their leiſure Time, to very little Purpoſe, 
in writing Comments upon his Philoſophy,” 
without promoting the Science at all: For 
| thoſe who have undertook to explain Ari 
flotle; have underſtood him ſo differently, 
that there are an infinite Number of Places 
which all the Schools are divided about; 
And if there be ſome few in which they 
have agreed, it is becauſe the Notions con- 
tained in them were fo common, that ye- 
ry few Perſons were ignorant of them. ! So 
that they took more Pains to ſtudy Ariſtotle 
than they did to ſtudy Nature, whith per- 
haps is not near ſo myſterious as he, There 
are a Multitude .of Things which Nature 
plainly declares to thoſe who apply their 
Mind thereto. But alas, this is not the Cu- 
ſtom, we had rather hearken to Aritotle and 
the Ancients; and this is the Reaſon why 
we make ſo little Progreſs. | 

- ANOTHER Thing which hinders the 
Een of Natural Philoſophy, is the Treax- 
I L ing 
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ing thereof in a Manner too metaphyſical; 

and the Di] os about Queſtions ſo abſtract 

and, general, that uns all Philoſophers 
were agre ced in their Notions of them, 
yet they could not help to explain the 
caſt particular Effect in Nature; whereas 
every uſeful Science ought to deſcend im- 
 mediately to Particylars. For Inſtance, what 


good do thoſe long and nice Diſputes do,, 


3 the Diviſibility of Matter? For 
though it could not be accurately determi- 
ned, whether it be infinitely diviſible or 
no; it would be ſufficient to know, that 
it can be divided into Parts ſmall enough 
to ſerve for all Purpoſes that can be. 
IT is very uſeful, without doubt, to find 
out the Nature of Motion in general, And 
it may not be yery improper. to examine a 
little whether it be well or ill defined thus, 
The Att of a Being in Power, ſo far forth 
as it is in Power, But we ſhould not ſpend 
too much Time in determining this, and 
\ ſuch like Queſtions; I ſhould rather think, 
that after having conſidered a little the true 
Nature of Motion in general, we ſhould 
particularly and diſtinctly examine all the 
Properties of it, ſo that what we affirm 
concerning it, may be ap plied to ſome 
Uſe; Ina Word, I think we ould careful- 
ly enquire into the Cauſe why Matter pro- 
duces ſuch a particular Effect rather than 
any other, and not accuſtom ourſelves to ay 
that it is the Effect of a certain Quality; for 
from hence it is that We are led to give 
| Words 


£ . 
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Words inſtead of Reaſons, and hence ariſes 


that ſenſeleſs Vanity of thinking that we 


know more than others, becauſe we know 


Words which the common People don't 
know, and which indeed have no deter- 

minate Meaning. To ſay the Truth; it 
ſhows a mean Spirit, and one that is ſoon 
fatisfied ; to believe that we know more of 
Nature than other Men, becauſe we have 
learn d that there are occult Qualities, and 


can give a general Anſwer to All Queſtions 


ropoſed to us concerning the erent 

ffects of Nature. For what Difference is 
there in the Anſwer of a Plowman and a 
Philoſopher, if they are both asked, 
whence is it, for Inſtance, that the Load- 
ſtone attracts the Iron, and the one anſwers, 
thathe does. not know the Reaſon of it, and 
the other ſays, it is done by ſome Vertue or 
occult Quality ? Is not this in plain Engliſh, 
to ſay the ſame Thing in different Words? 


and is it not evident, that all the Difference 


there is betwixt them is only this, that the 
one is ſo honeſt as to confeſs his-Ignorance, 


and the other has the Vanity to endeavour 


. to conceal his? 


A third Defe& which I have found i in 85 ; 


| Method of Philoſophers, is, that ſome of 


ſ 


them are wholly for Reaſoning, and depend 
ſo much upon the Strength of their Argu- 
ments (eſpecially -if they be borrowed from 
the Ancients) that they judge it ſuperfluous to 
make any Experiments. Others on the 
contrary, quite tired with ſuch tedious Ar- 
guments, 
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guments, the greateſt Part of which mw 
concluſive, or are nothing to the 


think every. Thing ought to be reduced - 
Expcriment, and that there ſhould be no Rea- 


ſoning at all. But both theſe Extremes do e- 


cually' hinder the Progreſs of Natural Phi- 


lofophy. For they who fall into the firſt 
of theſe Errors, hinder themſelves of the 
beſt: Means of finding dut new Diſcoveries, 
and of confirming their own 
likewiſe ; And they who fall into the ſe- 
cond, by depriving themſelves of the Li- 
berty of drawing Concluſions, hinder the 
Knowledge of - a large Train of Truths, 
which may many Times be deduced from 
one ſingle Experiment. Wherefore it can- 


not but be very advantagious to mix Expe- 


riments and Arguments together. For Rea- 
ſoning perpetually, and upon ſuch general 
Things only as are ordinarily argued about, 
without deſcending to Particulars, is by no 
Means the Way to attain any very exten- 


ſive, or very certain Knowledge: Thus we 


ſ__ che fame Things continually bandyed 


about, and no new Diſcoveries made; nay, 
we are not very ſure of the old ones, as 


general as they are. We ſee allo that they 
who confide moſt in thoſe Arguments which 
they believe to be Ariſtotle's, are in perpe- 

tual Diſpute, and that they wu ven for Opi- 


nions which are directly contrary to one 


another, without being able to convince 


And this plainly ſhows how little Certain- 


| 


thoſe of the other Side by their Arguments. 
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in 
. ne therefore are y 
to eſtabliſh Natural Philoſophy; and this 
was a Thing which Ariſtotle was fo fully 
convinced of, that the Reaſon why he 
thought that very young Perſons ſhould not 
apply tliemſelves to the Study of Natural 
Philoſophy, was, BEcauſe at that Age they 


are ſo little acquainted with Things, as to 


be unable td have made many Experi- 


ments; and on the other Hand he was of 


Opinion, that they were then moſt capable 


of receiving Mathematicks, becauſe this 
Science conſiſts of meer Reaſoning, of which 
the Mind of Man is naturally. capable; and 


does riot at all depend upon Experiments. 
Br on the contrary to reject entirely all 
| Reaſoning, in Order to do nothing but 
make Experiments, is to run into another 
Extremity much more prejudicial than the 
former. For this is wholly to diſcard Rea- 
ſon, and yield all up to Senſe, and to con- 


tract our Knowledge into a very narrow 


Compals'; - for by Experiments we can come 


to the Knowledge of groſs and ſenſible 


Things only. Wherefore if we would pro- 
ceed rightly in our Enquiries into natural 
Things, we muſt of Neceſſity mix theſe two 
Means of Knowledge together and Join 
Reaſon with Experiments. 

A that we may the better ſee the aid 
Effects of theſe two when joined together, 
and the Uſe that may be made of them, 


| ty or Evidence there is in their . | 
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to the Advantage of Natural Philofophy; 
we may obſerve that there are three Sorts 
of Experiments. The firſt is, to ſpeak pro- 
perly, only the mere {imple uſing our Senſes ; 
as when accidentally and without Deſign, 
caſting our Eyes upon the Things around 
us, we cannot help taking Notice of them, 
without thinking of applying what we ſee 
to any Uſe. The ſecond Sort is, when we 
deliberately and deſignedly make Tryal of 
any Thing, without knowing or foreſeeing 
what will come to paſs; As when, after the 
Manner of Chymiſts, we make Choice of 
firſt one Subject and then another, and make 
all the Tryals we can think of upon each of 
them, and carefully remember what we 
have at any Time found to ſucceed, ' and 


the Manner in which we arrived at any 


certain Effect, in Order to apply the ſame 
Means another Time to produce the ſame 


Effect. We alſo make Experiments in this 


ſecond Way, when we go amongſt diffe- 


rent Sorts of Workmen in Order to find © 
out the Myſteries of their Arts, as 'Glaſs- 


makers, Enamellers, Dyers, Goldſmiths, and 
ſuch as work different Sorts of Mctals, and 
to obſerve how they prepare their Matters, 
and how every one of them afterwards work 
upon thoſe which belong to them. Laſtly, 
The third Sort of Experiments are thoſe 
which are made in Conſequence of ſome Rea- 
ſoning in order to diſcover whether it was juſt 


OT 


or not As when after having conſidered the 
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ordinary Effects of any particular Subject, 


and formed a true Idea of the Nature of 


it, that is, of That in it which makes it 
capable of producing thoſe Effects; we 
come to know by our Reaſoning,” that if 
what we believe concerning the' Nature of 


it be true, it muſt neceſſarily be, that by 


ſing it after a certain Manner, a new 
Effect will be produced, which we did not 
before think of, and in Order to ſee if this 
Reaſoning holds good, we diſpoſe the Sub- 
ject in ſuch a Manner as we believe it 
to be diſpoſed in am to e, ſuch an 
Effect. 
Now it is very evident that this third 


Sort of Experiments is of peculiar Uſe to 


Philoſophers, becauſe it diſcovers to them 
the Truth or Falſity of the Opinions which 
they have conceived. And as to the 'two 
foregoing ones, though they be not altoge- 
ther ſo excellent, yet they ought not to be 
wholly rejected as of no Uſe. to Natural 


. Philoſophers: For beſides that their Know- 


ledge is continually. enlarged by them, they 
are alſo the Occaſion of making the firſt 


 ConjeQures concerning the Nature of thoſe 


Subjects which Natural Philoſophers are con- 
verſant about; and preſerve them from 
ſome falſe Notions they might otherwiſe 
perhaps have entertain d. Thus, for In- 
ſfance, we might have concluded in gene- 
ral, that Cold contracts and condenſes every 
Thing, we kad nor dice by — 

Cle 
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otherwiſe, that there are Things which ate 
dilated by Cold. 

T Rx fourth Defect that I obſerved in the 
Method ofPhiloſophets, 1 is the neglecting Ma- 
thematicks to that Degree, that the very firſt 
Elements thereof are not ſo much as taught 
in their Schools. And yet, which very much 
wonder at, in the Diviſion which they make 
of a Body of Philoſophy, they never fail to 


make Mathematicks one Part of it. 


No is Part of Philoſophy is perhaps 
he moſt uſeful of all others, at leaſt it is ca- 
pable of being apply'd more Ways than all the 
Eden For beſides that Mathematicks teach 
us a very great Number of Truths which may 
be of great Uſe to thoſe who know How 
to apply them: They have this further very 
conſiderable Adyantage, that by exerciſing 
the Mind in a Multitude of Demonſtrati- 
ons, they form it by Degrees and accuſtom 
it to diſcern Truth from Falſchood infinitely 
better, than all the Precepts of Logick with- 
out Uſe can do. And fins they who ſtu- 
dy Mathematicks find themſelves perpetu- 
ally convinced by ſuch Arguments as it is 
impoſſible to reſiſt, and learn inſenſibly to 
know Truth and to yield to Reaſon ; inſo- 
much that if inſtead of neglecting them, as 
is uſually done, it were in eſtabliſhed Cuſ- 
tom, to make Children apply themſelves to 
this Science at firſt, and to improve them 
in theſe Studies as much as we do in others; 
it would be of vaſt Uſe to hinder them 
from contracting that invincible Obſtinacy 
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to, and familiar 7 of convincing, ruths and 
not ſeen thoſe who maintain in publick any 
Doctrine whatever, continuaſly Vatriumph 
oyer thoſe who, endeavour to ſupport. the 
contrary ; ſo that all Things (em, to them 
only mere Probabilities, | They, do not look 
upon ſtudying as a Meaps to diſcoyer new 
Truths, but only as a Piece of Wit to ex- 
erciſe themſelves in, the only End of which 
is ſo to confound Truth With Falſchoog by 
Means of ſome ſubtle Diſtinctions, chat the 
one or the other may be equally maintain» 
ed, without ever being compelled by any 
Reaſons to yield, let che Opinio n they de; 
fend be never ſo extravagant. And indeed 
this is the Event of all publick Diſputes, 
where very often Opinions directly contra- 
ry to each other, are by Turns propoſed 
from the ſame Chair, and equally triumph · 
ed in, without making Matters at all clear 
or eſtabliſhing any Truth thereby. + | 
Bur the great Advantage that natural 
Philoſophers haye from Mathematicks in 
particular, is, that they are thereby accuſt- 
omed to the viewing of Figures, and ena- 
bled to underſtand the different Properties 
of them. I know it is here objected by 
ſome, that we ought not to ſtop at Fgures 
becauſe they are not active. But though 
N they 


Err 
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they are not active in themſelves, yet it is 
certain + notwithſtanding that their Differ- 
o_—_— make Bodies which we put into Acti- 
vn capable of certain Effects, which other- 
wiſe they could not have produced. Thus 
2 Knife by having an Edge ſet upon it be- 
ny comes capable of cutting, which before it 
ph was not; and Workmens Tools, by their 
different Figures, are fitted to produce thoſe 
em different Works which are made by the 
ok Help of them. And if the Figures of Bo- 
ew dies which come under our Senſes are ſo 
ex. | neccflary to the Effects which they produce, 
ich it is reaſonable to think that the moſt im- 
by, perceptible Parts of Matter, ſeeing they have 
he every one a certain Figure, are alſo capable of 
in- producing certain Effects in Proportion to 
ny, cheir Bigneſs, like thoſe which we ſee Pro- 
de. duced by the groſſeſt Bodies. 
ed Bur not to enter too far into Particu- 
es, lars concerning the great Uſe of Mathe- 
ra- maticks, Is it not enough to put us upon 
cd, applying ourſelves more to them than we 
h- have hitherto done, to conſider that tis by 
ar ¶ their Means that the modern Philoſophers 
I have diſcovered all that is excellent and pecu- 
ral liar in natural Philoſophy? And alſo that it is 
in by the Help of Mathematicks, that the moſt 
ſt- (celebrated Artiſts in every Age have made 
a- Nall thoſe noble Diſcoveries, the Uſe of 
es | which is ſo advantagious to us at this very 
yy. | Time, and which make all the Variety of 
es Arts and all the Conveniences of Life. It 


;h [| may be ſome may think on the contrary, 
7 b 2 that 
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that theſe very Artiſts, the greateſt Part of 
whom it is very probable have, not much 
applied themſelves to this Science, willjuſ. 
tifie it, that it is not ſo neceſſary as I would 
perſuade them. But here there are two 
Things to be conſidered: Firſt, that as there 
is a natural Logick in all Men, ſo is there 
alſo natural Mathematicks, which accord- 
ing as their Genius s are diſpoſed, make them 
more or leſs capable of Invention. Se- 
condly, That if their Genius alone, con- 


ducted only by natural Light, will carry ſj 
them ſo far, we cannot but hope greater 


Things from the ſame Genius if the Study 
of Mathematicks be added to its natural 
Light, than if that Study be neglected. 
And indeed all the Propoſitions in Mathe- 
maticks, are only ſo many Truths, which 
thoſe, who apply themſelves to it, come to 


the Knowledge of by good Senſe. And 


they who find themſelves naturally diſpoſed 
to it, do very ill to negle& what others 
have before diſcovered : For it is the moſt cer- 
| tain Way of finding out any Thing new, to 
know all that has been before found out by 


others, and the Manner how it was found out. 


HowEVER, I don't put them upon 
the Rank of Inventors who have met 
with ſomething by Chance which they did 
not ſearch after: As was the Caſe of that 
Workman who by cooling on a ſudden in 
the Water a Picce of Steel which he had 
heated red-hot, found it in a Momegt ve- 
ry much harder than it was before: It was 
Fe without 
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without doubt a very lucky Thing to find 
out this Way of tempering Steel; but they. 
Workman who had the good Fortune to 
hit upon it, does not deſerve the Name or 
Title of an Inventor; as a great many o- 
thers do who are not beholden to Chance 
for the Glory of their Inventions : As for 
mee, the Perſon who' firſt invented a 
Fire-lock to a Gun; for it is certain that 
his latter had the whole Engine in his Head, 
I may fo ſpeak, before he made the leaſt 
wrt of it, whereas the other found out the 
ay of tempering Steel, by hitting upon 
a Thing, as was before ſaid, by Chance, 
which he did not ſearch after. 

Laſtly, Tm ar Mathematicks are of ve- 
great Uſe in the other Parts of Philo- 
Goby; we need no other Teſtimony than 

that of the moſt celebrated ancient Philo- 

ophers, who not only ſpeak honourably 

of them in their Writings, but do alſo 

make uſe of them themſelves. It is ſufficiently 

known; that Plato cauſed it to be written 

dver his School Door, That none but Geo- 

ricians ſhould enter in there. And they 

ho have taken the Pains to read over the 

orks of Ariſtotle, have taken Notice of 


the ſeveral Applications he has made of Ma- 
hematicks in many Places; ſo that they 
who do not underſtand the Elements at 
leaſt, have no great Reaſon to boaſt of their 
being able to underſtand the Writings of 
this Philoſopher, 
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Taz more I conſider theſe four Defects 
in the Method of Philoſophers, the more 1 


find it impoſſible to come to the Know- 


ledge of philoſophical Truths, without cor- 
recting them. And this does not appear to 
me to be very difficult; for though I had 
made ſome Proficiency in Mathematicks, 
and accuſtomed my ſelf to follow Reaſon 
rather than Authority, yet I did not find 
ings, as to neglect Experiments, nor r ſo bent 
upon Experiments, as not to ſuffer my Rea 
ſon to go beyond what they diſcovered. 
Bo r though this was ſufficient to put me 
upon improving natural Philoſophy, and to 
make me hope that I might be able in ſome 
Meaſure to help forward the Progreſs of this 
Science; yet I obſerved a Sf Dr Defect, not 
in the Method of thoſe who ſtudy Philo- 
3 but in that of a great many who 
read their Works; which made me think, 
that to publiſh any Thing upon natural Phi. 


Ioſophy, was ſo far from being any Advan- 


tage, that it was but too much to expolc 
one's ſelf. For that Averſion which is uſu- 
al againſt ſuch Perſons, and that diſagree- 
able Manner in which thoſe who are un- 
capable of finding out any Thing themſelves, 
receive the Writings of ſuch as attempt to 
exceed what is common, often. hazard the 
Reputation of the Author. For ſcarce can 


.a Philoſopher preſent the Publick with any 


Fruits of his Studies, but ſome unknown 
Perſon who has a Mind to ſignalize him. 
| ſelf, 
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elk attacks them before he underſtands them. 
And hence come thoſe trifling Diſcourſes 
or Diſſertarions, for the moſt, Part anony- 
motis ones, Which never fail immediately 
to appear, herein are ſeldom any Thing 
elle but Reproaches and very low feſts; 
and not being able to overthrow Truths 
that are ſo firmly eſtabliſhed ; they try to | 
turn them into Ridicule, by ſhowing that 
they are contrary to ſome ancient 1 
or popular Error, which tickle the Ears of 
half-witted People, who are accuſtomed to 
take Things without any Proof: And that 
Which is very remarkable here, is, that theſe 
Writers for the moſt Part attack the Works 
of others only becauſe they think them con- 
trary to Ariſtotlè; and yet becauſe they have 
read nothing of this Philoſopher but only 
thoſe Citations which they found in their 
philofophical Lectures, it very often hap- 
dens that the Thing which they thus at- 
tempt to confute, is what Ariſtotle himſelf 
has faid in expreſs Terms. e may ſafely 
affirm, that the Ancients did more juſtice to 
Men's Labours, and without doubt it was 
in a good Meaſure owing to this, that Phi- 
loſophy made ſome Progreſs in the firſt A- 
ges of it; ſo far were they from ſuffering 
thoſe who had made any new Diſcoveries, 
to be cried down at a Venture and without 
any Reaſon ; every Body knows that there 
were publick Rewards appointed for ſuch ; 
even to have ſometimes Statues erected to 


them; ſo firmly were they perſuaded in 
| bþ4 thoſe 
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thoſe Times that Honour contributed moſt 
to the Invention of Arts. 

Ir is true indeed, that this Maxim ſcems 
to be revived and re-eſtabliſhed in our Age, 
Vet though Princes have by their Authori- 
ty approved and favoured Arts and Scien- 
ces, the long Stiffneſs which they who 
ſtudied natural Philoſophy have in ſo ma- 
ny Ages contrafted, have ſo accuſtomed 
them to reſt ſatisfied with what they recei- 
ved from their Predeceſſors, that the very 
propoſing any new Thing, is enough to ren- 
der both the Thing and him that propoſes it 
odious. Now to take away the Foundati- 
on or rather the Pretence of this Averſion, 
| ſuch Perſons ought to know, that this Re- 
proach of Novelty is generally a great De- 
ceit: For if a Thing be true, it cannot be 
new, becauſe nothing is ſo ancient as Truth, 
and it is the Diſcovery of the oppoſite Er- 
rour only that can be ſaid to be new. For 
Want of rightly diſtinguiſhing theſe two 
Things, we often ſee ſome Perſons crying 
out that we overthrow the Order of Na- 
ture, when we only overthrow a falſe O- 
pinion which they were prejudiced in. But 
though ſuch Sort of Perſons have not much 
Reaſon on their Side, yet the Credit and 
Authority which they may have over others, 
is the Cauſe of their Exclamations always 
making an Impreſſion upon the Minds of 
a great many; and this muſt ever be diſa- 
greeable to thoſe who TE no other De- 


ſign, 


1 
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ſign, bnt to contribute to the Publick 
Good. 

War a Vexation muſt it be to Dr Har- 
vey, for Inſtance, to ſee all his Life long, 
how ill the Diſcovery he had made of the 
Circulation of the Blood, was received; 
the Motion of which was quite different 
from what the Ancients thought > Surely 
we cannot ſhow too great an Acknowledg- 
ment to a Man who had undeceived the 
World of an ancient Errour, and by the 


Truth which he eſtabliſhed, made us ſee as 


clear as the Day, that almoſt all the Theo- 
ry of the Phyſick of the Ancients. was falſe. 
But how many Enemies has this Doctrine 
got him inſtead of Thanks? I ſolemnly de- 
clare therefore, that upon ſeeing what Li- 
berty is taken to oppoſe the beſt Things, 
becauſe the Misfortune of Mens having al- 
ways been ignorant of them, made them to 
be thought new; I laid aſide the Thoughts 
of ever entertaining the Publick with any 
Thing of my own, or what I learned from 
the Works of ſome modern Writers. But 
thus much I thought at leaſt, that it was 
not impoſſible to advance a little further 
than is generally done in the Knowledge of 
Natural Things, if I carefully avoided fal- 
ling into any of thoſe Defeats which I ob- 
ſeryed in the Method this Study was in at 
preſent. And indeed having ſpent ſome 
Years in reading the Ancients and Moderns, 
but with a firm Reſolution not to follow 


| them any further than I could {ce the Rea- 


{ons 
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ſors of cach 6f them; it appeared to me 
that my Deſign was not entirely fruſtrated: 
But while 1 was thus infiffucting my ſelf by 
reading Books, and converſing with lent 
. ed Men; and thoſe that were excellent in any 
Art, I never laid aſide the Ufe of my Rea- 
ſon,” but conſidered the ſeveral Subjects, atitl 
endeavoured al ways to ground my Reaſons 
upon mathematical Truths, and ſure Expe- 
timents. And fo good" Succeſs liad 1 in 
carrying on my Defign, that a great many 
of my Friends, whoſe Abilities all the World, 
I faw, had a great Value for, adviſed me 
to communicate it to others by publick Con- 
_ ferenees, or at leaſt by private Converſation. 
J muſt ſay, that ir was very difficult to per- 
ſuade my ſelf to this, becauſe J am diſtruſt- 
ful of my felf, and do not think my felf 
Oratour Don enough to undertake to plead 
the Cauſꝰ of Truth thus publickly. However 
I ſuffered my ſelf to be over-raled; and 
thongh I was ſenſible I wanted a great ma- 
ny Talents,” yet I ſubmitted to my Friends, 
ho aſſured me, that if the Things were plaln⸗ 
ly propoſed, and in a mathematical Way, 
they would be acceptable at leaſt to the beſt 
Judges. And indeed their Advice ſucceed- 
ed: For theſe Conferences were not only 
agreeable, but it was wiſhed that the Sub- 


1 jets had been put down in Writing. And 


by conſenting to this Opinion of my 
Friends, I perceived that I had inſenſibly 
wrote a Book; and becauſe there were fo 
many mW of it about, that it was be- 


come, 
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come, as it were,, publick, and a great many 
Faults ſlippd in, I reſolved to review it 
more exactly, in Order to perfect it as much 
as I could. They who read it over, will 
caſily ſee, that I have overlooked nothing 


that is g ood in the Ancients, 


* 15 75 taken all the general Notions 
from Ariſtotle, either for the eſtabliſhing 
the Principles of natural Things, or the 
chief Properties of them: And J have re- 
jected a Vacuum and Atoms, or Epicurus's 
inaiuiſible Particles, which I think are 
Things contrary to what is firmly eſtabliſh- 
ed by Ariſtotle; and I have learnt of him 


to conlider with the 8 poſſible Care 
the different Bigneſſes, Figures, and Moti- 


ons of the inſenſible Parts of which 
ſenſible Things are compoſed. And this I 
was the readier to do, becauſe all theſe 
Things have a. neceſſary Connexion with, 
and Relation to the Diviſibility of Mat- 
ter, which I acknowledge with Ariſtotle, 


who hardly reſolves any particular Queſti- 


on, without conſidering the Bigneſs, Fi- 
gure, and Motion of the Parts of Bodies, 
and the Pores which are between them. 
But that which moſt of all determined me 
to this Conſideration, was, that though 
there ſeems to me to be a juſt 
Ground to doubt of the Truth of ſome 
Qualities and Powers commonly aſcribed 
to ſome Bodies, yet I do not think that 
there is the ſame Reaſon to doubt of their 
being compoſed of inſenſible Parts, of 
| = 
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that 1 can be deceived in affirming that all 
theſe Parts have their particular Fi igure and 
Bigneſs. | 
BESIDES thoſe Aﬀfifiances witch I had” 
from the Ancients, I have alſo collected 4 
great many other Truths, from the moſt 
eminent modern Philoſophers, whoſe Names 
you may find in their Places. But the Pers. 
285 whom I have moſt of all made Uſe of 
in this Work, and whoſe Name I have not 
mentionet ar all, to ayoid perpetual Repc-- 
| rition, is the famous Cartes; whoſe Merit, 
by which he becomes more and more known 
to all the Nations in Europe, as he has 
long been to many of the principal States, 
will draw) a Confeſſion from the whole 
World, that France is at leaſt as happy in 
producing and educating great Men in all 
Sorts of Profeſſions, as ancient Greece was. 
I have divided this Work into four Parts,. 
The firſt treats of natural Bodies in general, 
and their principal Properties, ſuch as Di- 
' viſibility, Motion and Reſt, of E Jements,” 
and of ſenſible Qualities, and I have particu- 
larly inſiſted upon explaining thoſe which re- 
late to Seeing. And I flatter my ſelf that 
upon this ſingle Subject I have collected 
more Truths into eight or nine Chapters than 
are contained in ſeveral large Volumes 
which treat of Opticks, Dioptricks and Ca- 
tropticks after the Manner of the Anci- 
6 
THE ſecond. treats of the Syſtem of the 
Morid, or of Coſmography, which I thought 


might 
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might prove more uſeful than the general 
ions that are uſually propoſed in the 
common Books of natural Philoſophy, which 
are as it were Commentaries upon Ariſtotles 
Books concerning the World. I have alſo 
treated of the Nature of the Stars and 
their Influences. And after having explain- 
ed wherein Gravity and Levity , conſiſt 
(which I could not: ſpeak of in the firſt Part, 
not having premiſed what was neceſſary,) I 
conclude this Part with explaining the Flux 
and Reflux of the Sea. 
2 E third Part is taken up in ie 
g the Nature of the Earth and of ter- 
retrial Bodies, that is, of the Bodies con- 
tained in it, or which, ſurround it, as Air, 
Water, Fire, Salts, Oyls, Metals, Mine- 
rals, and Meteors. 

Laſely, I have endeavoured in the fourth 
Part to compriſe all that is hitherto, with 
any Certainty, known of the Animal 
Boay. 

ONE Thing perhaps will be obſerved in 
the Method I have taken, vzz. that I have 
been pretty long and particular, in explain- 
ing, in the firſt Part of this Book, all the ſenſi- 
ble. Qualities, which Philoſophers uſually 
explain, and that but briefly, at the End of 
their Treatiſes of Philoſophy, in which they 
comment ,upon theſe Books of Ariſtotle's 
concerning. the Soul. The Reaſon of which 
is, becauſe this teaches us to know ourſelves, 


and becauſe hereby we are ſeaſonably freed 


from a der Errour, and a Prejudice 
which 


| 
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which? we have entertained from our In- 
fancy, which I have known by Experience 
a great many never to have been able to get 
rid of, not even after they have gone through 
their whole Courſe of Lectures, but have 
brought back from the Schools thoſe Ha- 
bits 2 carried thither, - vis. the aſcribing 
thetr own Senſations to the Objects which 


cauſe them, andthe conſidering]theſe. wand 


tions as Qualities in the Objects. 
FuKTrHEn, you will not ind u great 


many Things in this whole Treatiſe con- 


trary to Ariſtotlè; but you will find more 
than I could wiſh that are contrary to moſt 
of the Commentators upon him: And be- 
ſides this, yon will meet with a great ma- 

ny Things, which neither Ariſtatle nor his 
Followers have treated of at all, which x 
have however judged more uſeful than ma- 
ny others which Philoſophers have wholly 
imployed themſelves in. And in all this I 
did not think it very ill in me to depart 
from ſome particular Notions, when I 


found that theſe Notions were diſagrecable 


to Truth. 
Bur what has: very GY abated thoſe 


Scrüples which I had about this Matter, is, 

that when Icame to compare thoſe Places in 
this Tfeatiſe which are contrary to Ariſto- 
tle, with the Writings of the publick Pro- 
feflors of his' Philoſophy, I could not find near 


ſo many in my on Works as in the Works 


of others. And without enumerating the 


Particulars, it is _ to be fatished herein 
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& we do ber conſider,” that there Is ſcarce 
any Queſtion in Conttoverſy, but one half 
of them draw Concluſions directly contra- 
ry to the other half. Whence it follows, 
we muſt neceſſarily findin the Writings 
of who profeſꝭ to teach the Doctrines 
A againſt bin as 
Or 0 LID ED ment 
„ur though all the. Philoſophers td, a: 
gree with each other and with Ariſtotle, I 
dont ſee. that this Agreement of theirs 
ought fo torre me to be of their Opinions, 
nor that Philoſophers can pretend that .þ 
am obliged to follow them, in what I am 
fully perſuaded and convinced they are in 
the wrong of. For ſince it is the Cuſtom 
with them to propoſe t the Matters which they 
treat of, in the Form of. ' Queſtions, this 
very doubting, Manner of theirs ſhows that 
there is a perfect Liberty of taking that Side 
which we think to be moſt reaſonable. In 
what Manner my good Intentions will be 
received Time Will how. However, I am 
preparing a Latin Verſion for the Uſe of 
Foreigners, with whom 1 hope to meet 
with a favourable: Receptions. | 
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N atural Philoſophy. 


* 0 8 1 
4 ee Part I 


CHAP. I. 


> The Ms of the Word P ks, and the Manner 
| = treating ſuch r 


＋ 1118 Word, Phyſicks, ſtrictly ſteaking, and 8 — 
according to the Etymology of it, ſignifies % ws 
no more than Natural ; — we here — Phyſicks. 
|. it to the Know of na 
ey is, that ledge of which 
| ; leads us to the Reaſons and Caules of eve- 
OO = ry Effect which Nature produces. 
2. But becauſe we muſt firit ſtudy natural Philoſophy, 2. T5 it ir 
before we can be certain whether have be any ſuch thing 57g 


as Phyſicks or no; I ſhould not proceed in a pro Me- Sufi. 
bod, FI bond here underake to reſolve this Datel: 


* ra SYSTEM Pit I. 


87 


I ſhall not therefore at all inſiſt on this, nor any other 

ions which are co y called previous ones. We 

| better at firſt remain in ſome kind of Doubt about 

"theſe fort of Queftions; but ſuch a Doubt only, as t 
not in the leaſt to hinder us from our utmoſt 


deavours to acquire this Knuwledge, and to obtain the End 
without ing any Thing, that may ſerve to 
the Truth, and explain the E _—_ 

. That the 3. One Thing we t particularly to take notice of, 
Neri Ye and that is, — — N apply — mas Stu- 
i dy of Natural Philoſophy, are not Perſons utterly ignorant; 
W Converſation with learned Men, by reading ot 
Minds are filled with variety of Notions. But becauſe, per- 
aps, we have given too much Credit to the Reports of 
or perhaps have not throughly examined what we 
have received by our own Senſes, or have impoſed upon 
our ſelves by falſe Reaſoning; therefore we are not to 
think, that there is any great Advantage to be had from 
that Knowledge which is got by Means: On the 
contrary, it may be very injurious, becauſe rhe Errors im- 
bibed in our tender Age, before we could make a right 
Uſe of our Reaſon, may cauſe us to fall into ſtill greater 
4- That thy 4. Wherefore if we would proceed regularly, we muſt 
- k ade al Our old Prejudices, and reject them as falſe ; not 
that we are immediately to embrace the contrary Opini- 
ons as true, but only fo to diſpoſe our Minds, as to give 
Credit only to thoſe Things which we have th y 
examined ; and to begin natural Philoſophy at the very Be- 
ginning But ſeeing; this is a very difficult Task, and it 
1 to bring our ſelves to it, becauſe we eaſily per- 
pod ay ye us atnonglt the Ereges thee have — 4 

y in, there have alſo a great many 


— 


And we muſt be very unreaſonable indeed, if we will not 
review our old Notions, and ſubmit them to à freſh Ex- 
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CHAP. II. 


Av Examination of the Notions that precede the 
Study of Natural Philoſophy. | 


he Notions which precede the Study of Natural 1 % Y 
Philoſophy, may be reduced to two general Heads. / narmrat 
For firſt, we know that there are Things really exiſting in pry 
the my => from — we know, at leaſt prehended 
in part, what they are. e two 1derations are prin- nde wo 
he be attended to, that our propoſed Examina Aon . 0 
may be as univerſal as poſſible. Let us firſt ſee what Mo- 


tives there are to induce us to believe, that there are certain 


Things really exiſting in the World; and then let us ſee what 
Reaſon we have Wes 
them to be. F | | 


e them to be ſuch as we judge 
2. And to begin with our own ſelves; we know by ex- 2. Hw we 


perience, that we are capable of diverſe Thoughts, which Keele Nr 'f 
cannot be in us, but they muſt be perceived: The Tata „ wn K- 
of Exiſtence is one of theſe Thoughts; and our natural Rea- Hence. 


ſon teaches, that Nothing can have no Properties, and that 


what thinks, muſt exiſt. Hence it is plain how we come 
by the Knowl - ph 


four own Exiſtence. For every Man 
muſt neceſſarily reaſon in this manner: I think ; that which / 
thinks muſt of neceſſity exiſt; therefore I exiſt. 
3. A Man who comes to the Knowledge of his Exiſt- 3. Tr our 


ence in this manner, knows himſelf only to be ſomething 24 


known to us 


that exiſts, the Idea of which does not include Exrenſſom jooner than 
in it, It is true, he may have an Idea of a Thing extended em Boch and 
into Length, Breadth, and Height ; but becauſe this Idea 1 , . 


two really di- 


does not at all include Though in it, the Thing that thinks, find Things. / 
and the Thing that is extended, are to be looked upon as 


two Things really different from each other ; and there is 


no Reaſon hitherto for ſuch a Perſon to think himſelf an 


extended Thing. And becauſe That which thinks, which 
is in us, which we know before all other Things, which 


we imagine not to be extended, is what we call our Soul 
or Spirit, and That which we conceive to be extended in 


Length, Breadth, and Height, and to which we imagine 
Thought does not belong, is what we call our Body; it is 
evident, that our Soul or Spirit is known to us ſooner than 


B2 | 4. As 


4 h ROHAULT's SYSTEM © Path, 
4 That we + As to thoſe Bodies of which the World is compoſed, 


2 of (amongſt ongſt which our own is to be 222 it is certain 
the Exjence we Canmot know that ey „ but by the different Ways 
292 % of Knowledge which are in us; and in order to know if we 


the World is have made a right. Uſe of them, we will here conſider each 
5 bu of them diſtinctiy. 

22 1 The different Ways of Knowledge that are in us, may 
tnowing that all be reduced to theſe Four: vis. Perception, Fudgement, 
ave in w. Reaſon, and Senſation. 


r 6. By Per 1 ſimple Apprehenſion, or the 


— ps, I which we ſhave of I hings, without affirming 
MC Wha is TE. any thing concerning them; wherher this Idea 
meant iy Per- raiſes any mage in our Minds, and fo is called Imagination, 
e or F or raiſes no Image, and ſo has only the general Name of 
Perception given to it. Thus when we hear the Word Tree, 
the Idea which we then form in our Minds, is an Imagina- 
tion; but when we ſpeak of a Thing which cannot be 
by any Image, as of Dowbrfulneſs, the Idea 
h we then have, is only ſimple Perception. 

7. Nia is 7. Judgement is the joining or di 
ee. by e e eee the Aion manner of its 
| Conceiving them, it affims or denies the one or the other. 
| Thus when we ſay, that zhe Earth is round, we join toge- 
ther the two Things which we underſtand by the Words 
Earth and Roundneks, and this is called Fudgemene: So alſo 
when we ſay that the Earth is not round, that is, disjoin 

thoſe Words; this is alſo called Judgement. 
8. Whatis 8. Reaſon is a Judgernen that d a former 
b. —— Judgement. For Example : After I have j = that no 
OE TT Fo ee 
ſo, that the Number Twenty is an even Number, and thence 
\ conclude, that the Number Twenty cannot be divided into 

five odd Numbers ; this is called, Reaſoning. 


g.Whatis 9. Senſation, is Touching, Smelling, Taſting, Hearing and 
Seeing. 


meant by Sen- 

iP}. 10. Firſt, it is evident, that the bare Perception of a Thing 
ception alone is not ſufficient to convince us that the it {elf exiſts; 

| 2 for Inſtance, becauſe I can conceive a Triangle, it does by 


rance of the, NO means from thence follow, that 4 Triengh exiſts. 

Exiſtence of 1. It is Certain alſo, that our Judgement alone is not ſuf- 
* . ficient to convince us of the — of any Thing. For 
does Judge- though we cannot help 22 vdgement upon many 
_ for Inſtance, That ings be equal to a Third, 


£one , Things; 
eee. they are equal to each other ; Hear if Equal be added to Equals, 
fence of their Sums will be equal, &c. notwithſtanding which, we 


9 40 not cerainly hd, a ang D um are” equal or 
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Chap. 2. of Natura PHILOSOPHY. 
| ual exiſt, and the Truth of our Judgement agrees only 


to the Things that may poſſibly exiſt. 

12. We may alſo reaſon infinitely various ways; and by 12. Thee 
this means all the Mathematical Truths are diſcovered, —— = 
which are To different from one another, and from the «s :4.: 
Principles from which they are deduced : But becauſe the 7% exifs 
Conſequences have a ſtrict Relation to the Antecedents, and 3 „ 
can contain no more in them than they; and we have al- 
ready ſeen that our Judgement does not prove that any Thing 
exiſts; it follows, that our Reaſoning proves no more than 
this, that Things without us may poſſibly exiſt. 

13. However, 1 there is one Exception to this Rule, and 13, The E- 
that is, God : For whoever has the Idea of Him, may by 9 
Reaſon be aſſured of his Exiſtence, if he be conſidered as ved by Rea- 
a Being every way perfect, and if Exiſtence be owned to fen. 
bea Perfection. But I ſhall not here enter into the Particulars 
of this Demonſtration; the Dignity of this Subject merits 
to be treated of particularly by it felf. x 

14. But ſince we are here ſpeaking only of natural Things, 14. That we 
and our Perception, Fudgement, and Reaſon alone do not RI | 
prove their Exiſtence, we muſt certainly have recourſe to ſes io prove, 
our Senſes betore we can judge that they exiſt. And we Tur the 
cannot know whether our Senſes do ſufficiently prove this, t % cx: 
nor in what manner they prove it, unleſs we firſt define | 
what we mean by S-nſaz:or. | | 

15. Long Cuſtom makes us many times reaſon with ſo 15. The Way 
much eaſe and readineſs, that very often, Reaſon and Sen- 1.2% what 
fation go together, when we think that Senſation only is genſation is 
concerned: Wherefore that we may not confound the one 
with the other, and ſo be led into Error, let us examine 
this Matter in other Perſons. Let us ſuppoſe a Man juſt 
born, and that he was in an extraordinary manner endued 
with the Judgement and Prudence of a grown Perſon; and, 
that we may examine only one Senſe at a time, let us ſup- 
poſe that his Eyes are not yet open, and, that he is put 
into a Place, where there is no kind of Smell or Noiſe. 

16. Now in order to find out what the Senſe of Feeling 15: 4» Ex-, 
is; let this Man's Arm be prick'd with a Needle. It is Nd. 
manifeſt, that he will feel the fame fort of Pain that we 


feel, when at any time we are pricked with a Needle, 


becauſe we ſuppoſe him to be ſuch a fort of a Man as we 


I There is one Exception,) How the and ſubtle an Argument; that drawn 
Idea of God — his ence from the Variety, Beauty, Order, and , 
See Carteſ. Princip. Part. 1. Artic.. | Diſpoſition of the Creation, does 
14. and Regis Metaphyſ. Lib. I. | much more fully and ſtrongly inter 4 


Fart. 1. Cap. 5, But thus is too nice | God. 


B z are: 
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are: Now abſtractedly from any Judgement or Reaſoning, 
| it is evident, that Sen ation in ds Man is nothing elſe, 
3 but the being affected with a certain Pain, which belongs 
to himſelf only. So that if any Perſon were ſo weak as 
to believe, that a like Pain was in the Needle, we ſhould 
certainly know for all that, that it was not the very Pain 
which the Man by Senſation felt. 
17. That we 17. Let us make ſome Reflection here: In the Sexſation 
14 the prict- now mentioned, there are four Things obſervable: Firſt, 
thing elſe. A Man capable of Senſation : Secondly, A Needle, or the 
| on that _ 1 — Thirdly, The . 4 
Neale upon the „in which it produces ſome : 
Laſtly, The Ef of the Action — Needle, and of the 
Paſſion of the Body, namely, the Pricking, or the Pain. 
Now ſince tis this Laſt only that is known, we muſt con- 
clude, that this Sexſatio® not being attended with any 
Judgement or Reaſon, is nothing elſe but a confuſed Per- 
ception ariſing from the new State of the Mind, which does 
not any way make known to us this new State, nor the 
external Object which cauſes it, and is the Occaſion of the 
18. This Ex- 18. From what has been ſaid of that Pain which is cau- 
api; 1." ſed by a Needle, it is eaſy to apprehend the fame thing of 
Senſations of the other Sort of Senſations, ſuch as Feebhng, Taſting, and 
Feeling, l Smelling. For fuppoſe the naked Arm of the forementi- 
bag are. - oned Perſon to ghtly touched with a Feather, or 
any other ſoft Thing; ſuppoſe a rea-bot Coal, or a Piece of 
Ice to be laid on any part of his Body; ſuppoſe a Drop of 
Wine poured on his Tongue, or a Roſe, or any other ſweer- 
ſmelling Thing put to him; we can eaſily underſtand, that 
the Tickling, the Heat, the Cold, the Taſte, and the ' Smell, 
which this Man perceives, are all within himſelf, and be- 
long to him in the ſame manner as the Pain did. ; 
19. Ariſtotle 19. And ſince there is no Reaſon why we ſhould think 
— differently of the Senſations of Hearing and Seeing than of 
hat Senat. the others, we may look upon it as certain, that Sound, and 
on and Paſ- Ligbt, and Colours, are as much in us as Pain or Tickling. 
— 4 Wherefore we may ſay with Ariſtotle ,* that all Senſation is 
4 kind of Paſſion, and when we have any Senſation, what- 
ever fort it be, we know very well what the Objects raiſe 
in us, but we don't know what they are in themſelves. 


1. Ariſtot, de Arima. Lib. 2. cap. | ſome Change or Alteration made in 
F. Senſation conſiſts in being put into | ut, and again, chap, 11. Senſation is 
Motion, and is a fort of Paſſion, as = ſort of Polſion, 

wes ſaid before ; for there ſeems to be | 


20. But 
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Chap-2- of NaTURAL PHILOSOPHY. 7 
20. But this is not the general Opinion of Mankind, 20. A wa 
who, on the contrary, are apt to think, that the Sounds" ©”: 
which they hear, is in the Air, or in the ſounding Body as 
they call it; ſo alſo that the Light and Colours which they 
ſee, are in the Flame or the Tapeſtry which they look upon; 
and the Reaſon of it is this, becauſe we do not feel 1 Sound, 
and Light, and Colours within our ſelves, as we do Pain 
and Ticklng, but aſcribe them to external Things; and be- 
fides, the Colowrs which we ſee, oftentimes to be 
much bigger than our ſelves. | 
21. Bur to ſhow that theſe Reaſons are not of any 2+ Wegen. 
Weight, we need only conſider, that very often we have re by 
a Perception of a Multitude of Things, which we think many E. 
are without us, and are a great deal bigger than our ſelves, 
when at the {ame time there really is nothing without us, 
that is the Cauſe of that Perception. 2 | 
22. Firſt, In Dreams we very often hear Sounds, and 22. I. Exye- 
ſee Colours, in the fame manner as if we were awake, and 
we aſcribe thoſe Sounds and Colours to external Objects; 


»and we imagine thoſe Colours to be much larger than our 


ſelyes; h there is indeed nothing without us, to which 
be aſcribed. , 

3. ly, Perſons in a Phrenſie, or in a violent 23: H. Ex- 
Boyer ſee alſo Things without them, which really are“ 
not | ; 

24. Thirdly, We often hear a Ringing in our Ears, or a 24. I. Ex- 
certain Sound which. we judge to be at a great diſtance, ?“ wens 
when the Cauſe of it is very near us. | 

25. Fourthly, A Candle, or any other ſmall Object, at a little 25. IV. Ex- 
diſtance, appears double to a Perſon in Drink; or if we Piment. 

the Corner of our Eye with our Finger; fo that 
there will then appear to be two Objects, when we certain- 


y know, that there really is but one. 


I. Sound, and Light, 'and Colours, | from an inviſible Alteration of the 
&c.) In order to account for theſe | ſmall Particles of the Body, that is, 


Prejudices, we may obſerve, 1. That | from a Cauſe at firſt unknown to us: 


Pain and Tickling do much more | Therefore we are along while uſed to 


' ſtrongly affect us, and make a greater | look upon theſe as ſomething in us; 


— 4 in the State of the Mind, than till there appears to be ſomething . 
and Light, and Colours; fo | without us, to which they may be 
that they are ſooner and more eaſily | aſcribed ; and afterwards, when we 
taken notice of, and imagined to be- | do ſomerimes experience, that they 
long to us, and to be in us. 2. When | proceed from various external Things, 
Sound, and Light, and Colours, are | we are ſtill apt to think, that they 
at firſt perceived, there is always | are not in thoſe external Things, but 
ſomething before us, that acts u in our ſelves, becauſe we have been 
and to which we aſcribe them : | uſed to think fo, 


B 4 26. Nie 
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_ ROHAULT's SYSTEM Part I. 
26. V. Ex- 26. Fifthly, If in the Dark we wink wich our Eyes up- 
Nerment. on the Flame of a Candle at a little diſtance, we ſhall ima- 
ine, that we ſee Rays of Light, which ſeem to ſtream 
Fom the Flame upwards and downwards in the Air; and 
et there is no doubt, but that thoſe Rays ariſe from the 
Senſe tion of him that -perceives them, and that out of 
him they are 8 conſider, that other Perſons 
who look upon the at the ſame time, do not ſee 
them; and the Perſon himſelf who ſees them when he 
_ winks, ceaſes to ſee them the Moment that he opens his 
Eyes, and looks more intently. ; 
27. There is | 27- We ſhall be more fully ſatisfied, that theſe Rays are 
Jomerhi»g , not in the Place that we imagine them to be, by this 
bis Experi- Conſideration ; If they were there, it would follow, that up- 
ment. on putting a dark between the Eye and the Place where 
they appear to be, they muſt immediately yaniſh ; but they 
do not vaniſh, but on the contrary are ſcen ſtill, only a little 
neuarer, viz. between the Eye and the dark Body that interpo- 
ſes. But that which is moſt obſervable in this Experiment, 
is, that if the dark Body be raiſed by little and little, as if the 
lower Rays were intended wholly to be hidden by its In- 
terpoſition, they will be ſtil ſeen, when the upper ones 
wholly diſappear ; which could not be, if the Rays were 
really in the Place which they ſeem to be in. 
28. vl. Ex- 28, Sixthly, We ſee the Colours through a | 
Rerimeut. Glaſs Priſm, very bright, and exactly like the Colours 
in the Rainbow; theſe we certainly know are not where 
| - they appear to be. d | 
29-VII. Ex- 29. Of this kind are the Experiments of Looking-Glaſ- 
periments ſes and Multiplyims-Glaſſes, which repreſent Objects to us, 
where we are ſure they are not. 
go.VIIL.Ex- 3o. We muſt not here omit an Experiment of thoſe 
Periment. Perſons who have loſt any of their Limbs, an Arm, or 
a Leg, who, many Months, and ſometimes many Years 
after they are cured, feel frequent Prickings,. and other 
Senſations, which cannot help judging to be with- 
out them, viz. in thoſe Places where their Fingers or 
Toes would have been, if they had not been cut off 
This Judgement is evidently a Miſtake, it being certain, that 
this Senfation is within themſelves, and not where they 
S eq abbot he 
*. A Dif- Zt. iment, er wit the i 
— b plainly 1 that we have within our ee the 


ariſes from 


eue common Senſations of many Things, which we cannot help think- 
Cuſtom of ing are without us, * they really are not; and were 
ay of Speaking, which is the u- 
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Chap, 2. of NATURAL PHILOSOPHY. 
ſual Reaſon given, we wholly- to lay aſide that vul- 

+ Notion, which we have entertained in our Minds 

m our Infancy, viz. that they are without us. For 
(may any one fay) as he who touches a Stick, has reaſon 
to believe, that the Stick is ſomething without him that 
touches it; ſo when any one ſays, that he ſces a Colour, 
he has Reaſon to ſay, that the Colour which he ſees, is 
ſomething different from him that ſees it, and belongs to 
the Object. 


32. But it is eaſy to get clear of this Difficulty, if we ob- 32. 7he com 
ſerve, that all do not afford equal Plenty of eating, ＋ 
Words upon every Subject. Thus for Example, in the f. 


Latin Tongue, the Word Animal is uſed to 

the Kind, under which the whole Species of Animals is 
contained; the Words Mam and Horſe, are uſed to figni- 
fy thoſe Species ; and the Words Peter and Paul, Buce- 
phalus and Bayard, to ſignify the Individuals of thoſe Spe- 
cies: But the Caſe is different in the preſent Subject; we 
uſe indeed in our Language the Word Sexſation, by which 
we underſtand, in every Perception which we have 
by the means of Bodies; we have alſo the Words Feelzng, 
Taſting, Smelling, and Hearing, to ſignify the particular Spe- 
cies of thoſe Senſations ; but if we would deſcend to any 
thing ſtill more particular; we then want Words, and are 
forced to make uſe of a general Name, with which we 
only joyn ſome other Word, to determine its Signification : 
Whence it follows, that when we fay, for Example, that 
we feel the Heat, or that we ſee the Colour, if we forbear 
Reaſoning about them, and attend only to the bare Sen- 
fation ; the Feeling ought no otherwiſe to be diſtinguiſhed 
from the Heat, nor the Seeing from the Colour, than in 
any Species „1 the Genus is diſtinguiſhed from the Diffe- 
rence: For the Colour and the Heat are Senſations which 
belong to our own ſelves only, and are nothing more than 


our own Perceptions. 


1. The Cena is diſtinguiſhed, &c.) | Redneſs, and feeling Heat could be ex- 
The Author's Meaning is this, that | prefled by one word, as Pain, which 
=_ People are led into Error, by | is the ſame Thing as freling Pain, or 
the Forms of — as when by | Tickling, which 1s the fame as feel - 
reaſon of the Fewneſs of Words, our | ing Tickling, are expreſſed by ane 
Meaning cannot be expreſſed but by | Word; we ſhould eaſily apprehend, 
more Words than one ; thus when we | that the Redneſs which we perceive 
fay, that _ Redneſs, or feel Heat; | by our Sight, and the Heat which 

ſo un it, as if by one | we perceive by our Feeling, are no 
of theſe Words we intended to ſigni- more without us, than the Pain which 


fy the Senſation it ſelf, and by the | we feel when our Arm is pricked 
other, to ſignify ſomething without | with a Needle; or the Tick/ing,when 
us, which is the Cauſe of that Sen- ir is touched lightly with a Feather. 
lation. Now if what we call ſeeing ; BY h 


33- Though 
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3- The Con- 33. Though I have been already too long in ſhowing 
5; 2 * we perceive 4 b by Sichs, is wholly within our 
Sight ans ſelves; I would — e appear the entire Conformity 
Feeling. there is betwixt Seeing and Feeling. Let us conſider then, 
that when an Object of Feeling aftects the Body but lightly, 

it raiſes in us indeed a real Senſation, but it is fo weak 

an one, that it is gone as ſoon as the Object ceaſes 

to touch the Organ of Senſation; ſo likewiſe, if the Ob- 

ject of Light be weak, it is no ſooner removed from our 

yes, but we ceaſe to ſee it. And as an Object of Feel- 

ing, which ſtrikes us with a greater Force, excites a Sen- 


faction, which remains after it is ed from the Organ; 


in the ſame manner alſo, a very Object of Sight, 

raiſes a bright Senſation, which continues for ſome time, 

though we do not look upon it, but turn our Head -ano- 

ther way. Thus if any one looks full upon the Sun, and 

immediately goes into a dark Place, he will ſee the Sun 
* there, and ſome Sparklings of it. 

That we 34. From what has been ſaid concerning our Senſes, and 
pe raed _ the Manner of Senſation, {ance it is evident, that they make 
Means of Known to us only what is in us, and belongs to us; it is 
Knowledge, allo as certain, that they are not alone ſufficient to prove 
* order 9 b* to us, that any Thing at all exiſts without us which does 
Things exiſs not belong to us; and this having been already ſhown of 


without us. every particular Means of Knowledge, we mult neceſſarily 


proceed in. 


: 


conclude, that we have made uſe of ſeveral of thoſe Means 
in order to be convinced that Things do exiſt without 


us. | 

ge Abe The Method we ſeem to have proceeded in, is this. 

eib ve Firlt, Senſation : Next, we obſerve, That this Senſation is 

ſometimes in our own Power, and ſometimes not: Whence 
we infer, that we our ſelves are not the ſole Cauſe of our 

 ownSenſlations ; that we contribute ſomething towards them, 
but not ſo much, but that we . alſo upon ſome o- 
ther Cauſe; and fo we begin to ſee, that we do not exiſt 
alone, but that 1 there are many other Beings exiſting toge- 
ther with us in the World. | 

36: The Ex- 36. Whoever acknowledges this Truth, muſt confeſs, 


Things 4 that he has been in an Error ſo long as he t that the 
— 8 Exiſtence of Things without him was proved by his Sen- 
made — | 
ict 1. There are many other Beings,8c.) | Truth. We muſt acquieſce in this; 
K. Won even th's does not ſeem ſuffici- | That God has not created us in ſuch 
pally by Rea- : 
: ently to demonſtrate, that corporeal | a manner, chat everyJudgement which 
Things exiſt : and indeed it does | we make of Things exiſting without 
not ſeem capable of a ſtrict Demon- | us, ſhould be inevitably falſe. See 
tration. Malbranch, Annot. | Carteſ. Princip. part 2. Artic. 2. 
Chap. 10. Book. 1, of his Search after I o 
| les; 
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ſes; for all that theſe can do, is only to be the Occaſion of 
knowing ther; and it is chiefly from Reaſoning that we 
are aſſured of their Exiſtence. 
37- In the ſame manner as we conclude from one fin- 37. How we 
e Senſation, that one Thing exiſts ; we conclude alſo from _ 
Ne Cons of Senſations that there are different Things »» ſerts of Be- 
iſting ; all which, becauſe we imagine them to be ex- % exifting. 
— Length, Breadth, and Thickneſs, we call 
Bodies. © 


38. Amongſt theſe Bodies, there is one which we con- 38. How we 
Gder differently from the reſt, and are obliged, in a ſpeci- 775.12 7 f 
al manner, to look upon as our own; not only becauſe it — Bacy 
is always preſent with us, but alſo, becauſe, when any i Particle. 
Alteration is made in it by other Things, it cauſes certain 
Senſations in us; and on the other hand, certain Thoughts 
in us, produce certain Alterations in that. Thus if I will 
to move my Arm, it is preſently moved; but if I will 
to move another Body, that will not be put into motion 
by my Will alone. 

39. We may further obſerve, that after the foregoing 39. * are 
Refſections have convinced us that our Body is compo- 6 hint 
ſed of many different Parts, ſome of which are the Or- „ß 
gan of Senſation ; the different Senſations we have, are Things exiſt- 
no longer a certain Proof of the Exiſtence of a Number 25 — 
of Things without us: For there is juſt Reaſon to ſuſpects pave diferene 
that the ſame Object may raiſe different Senſations in us, Senſations. 

acting upon different Organs; and therefore h the 

Fire by affecting our Eyes when it is at a great di 5 
raiſes the Senſation of Light; and when it is near, raiſes 
the Senſation of Heat by affecting our Hands; yet we 
cannot from hence collect the Exiſtence of more than 
one Object. 

2 There is another Miſtake contrary to this, which it is 40. 4 Pre- 
y to fall into, and therefore ought to be avoided., For, er i be 
does it not ſeem reaſonable to determine with Aſſurance certain of 4 
the Exiſtence of many Things, without any danger of be- N, f 

ing deceived, if in making uſe of but one Senſe, and en- 
ploying it in but one manner ** it repreſents to us ma- | 
ny Objects at the ſame time ? Now that we may not be 
deceived here alſo, we ought to conſider the Medium 
through which the Action of the Object is tranſmitted ; 
for Example, a — Glaſs makes us ſee many Ob- 
jects at once, when there is only one that really affects 
nw; which ſhows, that here alſo we may be de- 
ceived. | 


' 41. Theſe 


E ROHMAULT's SYSTEM Prrt J. 
41. The 41. Theſe two Obſervations teach us, that we ought 
me, not to judge raſhly, nor ar firſt Sight, that a Number of 
which we give Things exiſt : However, after having taken all the Precau- 
„ tions requiſite, when we are once plainly and fully con- 
Tang: vinced of their Exiſtence, by Means of the different Sen- 
fations which they raiſe in us; we cannot helparguing from 

the Act to the Power, as Philoſophers call it, which is 
very natural to all Perſons; and —— concluding, that 
thoſe Things have within them a Power to affect our 


* 


which 
- Power of raiſing this Senſation in us, we call the Heat of 


42.4 Mif- 42. Whence it is plain, that they are deceived, who, be- 
ee dar the ore they have ſtudied Philoſophy, underſtand theſe Words 
Me W's arger Senſe than was ſajd before; for example, 
, ho, when we mention the Heat of the Fire, imagin 
ſently, that there is ſomething, I know not what, 
in the Fire, like that Heat which the Fire raiſes in us; 
for the giving of a mere Name only to a Thing unknown 
- does not 1 mg known to us. 
43- Another 43. They alſo ive themtelves as fooliſhly, though 
Aae. to appearance they are more acute, who, in order to 
p_ that there is in the Fire ſomething, I know not what, 
ike that Heat which it excites in us, bid us go near it 
and try: Now, though we a thouſand times go near it, 
nay, though we were ſcorched by it, all that this de- 
monſtrates, is only what the Fire does to us, and not 
What it is in it ſelf, When we fpeak therefore of the 
Heat, or Cold, or Smells, or Sounds, or Light, or Colours of 
Bodies, to ſay, that they are really Things which are money 
Objects of our Senſes, is a great Miſtake. For he who 
fays this, muſt imagine, that we come to the Know- 
ledge of them by bare Senſation only, which is abſo- 
lutely falſe. 
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IN- n * . 
* The Manner of ping pen to particular 

7 4. 8 

om | 
| 18 | 
hat HE Obſervation which we have now made, is of 1. 1 
ur ſo great Importance, that it alone ſhows us the true ja is 


ole BW Method of Philoſophy on particular Subjects: For from Phinſiy. 
dy hence we learn, that in order to find out what the Nature 
are of any Thing is, we are to ſearch for ſome one Particular 
t of ina it, that will account for all the Effects which Experi- 
ence ſhows us it is capable of producing. Thus, if we 
be- would know what the Heat of the Fire is, we muſt en- 
rds deavour to find out ſome particular Thing, by means of 
le, which, it is capable of ucing in us that Sort of Tick- 
ine * pleaſant agreeable Heat which we feel at] a little 
iſtance from it; and that Sort of Pain; or ſcorching Heat, 
us; which we feel when we approach too near it; and the 
wa WW fame Thing muſt alſo explain to us, how the Fire comes 
to rarify ſome Bodies, and to harden others, and to diſſolve 
wh WM others: In a word, it muſt explain all the Effects that Fire 
to produces. And in order to this, we arg principally to 
at, guard againſt any Prejudices we may have entertained con- 
r it cerning it; and not immediately to imagine, that there is 
it in the Fire the fame kind of Heat, whether pleaſant or 
de- ſcorching, which ve feel, when at a diſtance, or near to it. 
not For indeed, there is no more reaſon to attribute ſuch fort 
the of Hear to the Fire, than there is to aſcribe the ſame 
of Wl fort of Pain to the Needle, which we feel when we are 
my prickd by it; and as he would without all doubt be de- 
ho ceived, who ſhould aſcribe the ſame Pain that we feel-to 
w- WW the Needle; and would after this, labour to no purpoſe, 
ſo- in trying to find out the Nature of it; fo likewiſe would 
it be in vain, after having aſcribed to the Fire that ſort 
of Heat which we our ſelves feel upon that Occaſion, to 
attempt philoſophically to explain the Nature of Fire; 
for nothing ſolid can be built upon ſo bad a Foundation, 
— but Corfe&tures and Chimera's. 
2. What is now faid of Heat, may be applied to all 2. en 
other Things : An » this Rule, every Thing hereafter is e, 


: h e to be 4 
to be examined. t which we fix upon, to explain ned and 


r. the particular Nature of any Thing, do not account clear- whes ner. 
| I that Thing, or if it 

dently contradicted by any one Experiment; then 

; bt we 


be ev 


as __ ROHAULT's SYSTEM . Part 1; 

\ we are to look upon our Conjecture as falſe ; but if it per- 
fectly agrees with all the Properties of the Thing, then 
we may eſteem it well grounded, and it may paſs for ve. 
ry probable. F 


_ % to find out how Things may be; without pretending to come 


dene with to a certain Knowledge and Determination of what they 
Probability. really are; for there may poſſibly be different Cauſes ca- 
: ble of producing the Effect, which we have no 
| 4: When Now as he undertakes to decypher a Letter, 
| 1 ink out an PIR ſo much the more probable, as it 
24 vey pre, anſwers to the Words with the feweſt Suppoſitions ; ſo 
lll. we may affirm of that Conjecture > wer the Nature 
of any Thing, that it is the more probable, by how much 
the more ſimple it is; by how much the fewer Properties 
were had in view, and by how much the more Properties, 
different from each other, can be explained by it. Thus, 
for Example; if having taken notice only of four Proper- 
ties of a Thing, we form ſuch a Notion of ir, that the 
ConjeQure we make to in them, will hold as ſtrong 
for twenty Properties which we find to be in it; it is cer- 
tain, „ wha ſo many Proofs that our Conjecture 

e is ver 5 
F. ben a 5. eee, and ov dif- 
— ferent Properties in the ſame Thing, that we ſhall it 
be allowed for very difficult to believe, that they can be explained two 
@ Trath, ifferent ways. In which Caſe, our Conjecture is not 
only to be looked upon as highly probable, but we have 
eng, . Laſtly, To prevent any Scruples that may afterward 

Set. a » 10 ent an 

* 2 ariſe, we K de. that, if our Conjetture be other- 
« Conjeure wiſe well grounded, it does not loſe its Probability, be- 


— i we! cauſe we cannot upon the Spot explain by it a Property, 
© which appear ae 
did not before think of: For it is one Thing to know cer- 

tainly, that a Conjecture is contrary to Experience; and 

another Thing, not to ſee how it agrees to it; for though 

we do not at all ſee the Agreement, it does not from thence 

follow, that it is repugnant. And it may be, though we 

don't ſee it to Day, we may ſee it to Morrow ; or others 

_ who can ſee further than we, may at one time or other diſ- 
Chap, g. cover it, Thus, as we ſhall ſee® afterwards, Teleſcopes 
Artic. 7. Which were not in uſe till our Days, have confirmed the 
Hypotheſis of cus, concerning the Motion of Venus and 

Mercury, which ſeemed not very well to agree with zhe dif- 

, ferent Magnitude of Venus at different times, CHAP. 
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CHAP. IV. \ 
A Caution concerning Words. 
< INCE we are accuſtomed to connect our Thoughts 1. Thet we 
with our Words, and oftentimes attend more to the ii, raid 
Words than to the Things ſignified by them; that we Meaning we 
may not for the future be led into Miſtake by Words, we en ander- 
hall nor make-uſe of any here, nor have regard to any, Vans 
whoſe Meaning we do not clearly underſtand. Where- 
; fo fore = this — we ſhall w - y neglect ſuch ſpecious 
ture WF Words as Antiperiſtaſis, Sympathy, Antipathy, a Deſire 
uch Union, Contrariety, — the like. "And 1 ” 'do 4 qe f 
ties them our ſelves, ſo we ſhall have no regard to them from 
ties, others, unleſs they tell us, very clearly and diſtinctly, what 
hus, Wl they mean by them, and how we are to underſtand 
them. 


the Leſt therefore we ſhould fall into that Fault which we 
ons WF condemn in others, we ſhall here define the Terms of Art, 
cer which, after the Example of moſt Philoſophers, we ſhall 
ture make uſe of. . 
2. The Word Being ſignifies only that which is cr exiſts; 2. What is 

dif- WF for that which does not exiſt, is indeed nothing. For if B Y 
d it any Thing be to exiſt next Year, we may affirm, that at 
two — it is nothing, and it is only the Idea which we 
not ve of it, that is any Thing. 
ave 3. We underſtand by Subſtance here a Thing which we 3. What is 

conceive to ſubſiſt of it ſelf, independent of any other 3%. 
ards created Thing: Thus a Piece cf Wax i a Subſtance, be- e 
her- ¶ cauſe we conceive it to ſubſiſt of itſelf, independent of 
be- any other created Thing. 
ty; 4 Obſerve here, that I dor't ſay abſolutely, that a Sub- 4. That we 
we BY ftance is a Thing which ſubſiſts of ir ſelf; but that it is . 
der- Thing which «ve conceive ro ſubſiſt of it ſelf, which 1 lay Seda toons 
and on purpoſe to make this Definition of uſe. For though La of them, 
ugh WI 1 know very well, that our — 7. — or Imaginations 
nce lay no Neceſſity upon the Things themſebves, yet they are 
we neceſſary towards our judging of them, becauſe we know 
zers Things from our Idea's only, and we ought always to judge 
dil- WW according to our Thoughts. 
pes 5. We call that a Mode, or Manner of Exiſting, or an f. vlt is 
the Accident, which we conceive neceſſarily to depend upon meant by 4 
and ſome Subſtance. Thus, becauſe we cannot poſſibly con- — | 
aif- ceive the Roundueſt of a Globule of Wax to ſubſiſt with- 

* Out 


46 ROHAOLT's SyrsrtM hurt I. 
out the Wax, therefore we call it a Mode or Manner of 
exiſting, or an Accident. , | 

6. That « 6, From whence it follows, that a Mode, or an Acci- 

Ia ode cnet, dent, cannot be transferred from that Subſtance which is 

from one dub the Subject of it, to any other Subſtance; for if ir could, 

1 not then have depended entirely upon the firſt 

0 Subſtance when it was in it, which is abſurd. | 


7. Whatis 7. By the World 2255 we mean that, by which a 

meant by Thing is ſuch; Thus that in the Fire, what- 

ever it be, which has a Power to raiſe the Senſation of 

eat in us, we call a Quality of the Fire, becauſe it is 
from tit that the Fire is ſaid to be hot. 

3. That the 8. That which is to be feared here, and which hath 
rod ya 4 made ſome over - ſcrupulous Perſons wiſh that this Word 
zerminate Were never uſed, but wholly ſuppreſſed; is, that ſome Men 
- Significatien, fogliſhly think, that they are very knowing, if they can 

ver ag. but apply this Word, and ſome other of the like Sort, to 

expreſs a Thing which they do not at all underſtand. 
However, I cannot agree to them, but think it ſufficient, 
if we do notuſe it in a bad Senſe. For it ſeems to me 
(as-it did formerly to Ariſtotle) to be very properly uſed 
for that in general, whatever it be, which we conceive 
to belong to a Subject, and on the account of which, we 
give a particular Name to it. Thus, until we clearly and 
diſtinctly underſtand what the Hear of the Fire is, we may 
call it 2 Quality of the Fire. 

9. Whatis 9. The Words Vertue or Faculty, in any Subject, ſigni 
— «>; Any by in general, the Power which a Thing has to produce 
ine or Facui- ſome Effect in another Thing. Thus what we juſt now 
9 —- called a Quality, upon this Account, that the Fire is from 

thence denominated hot; may alſo be called a Vertue of 
the Fire, if we conſider, that it is from this, though we 
— — ring 3 any Thing. 

10. What 10. Eſſence of a Thing, is which it princi 
ebe Effente of ly is, or that which conſtitutes the Nature of bed by 
, which it is what it is: Thus the Eſſence of a right-lined 

Triangle conſiſts in this, that it is a Figure terminated 

three right Lines. From whence it is evident, that al- 

lowing the Eſſence of a Thing, is allowing the Thing it 
king away the Thing it (elf. | 

11. What 11. We call that an eſſential y of a Thing, which 
1 we conceive ſo to belong to the Thing, that it is the 

22.9 neceſſiry Conl of its Eſſence: 
Thing is. neceſſary equence of its Eſſence: Thus, that any two 
Sides together, are longer than the Third ; and that the 
three Angles are equal to two right ones, are Properties 
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chat belong to the Eſſence of a Triangle; becauſe theſe ſo 
belong to it, that they are a neceſſary Conſequence of a 
Figures being terminated by three right Lines. So like- 
wile it is the eſſential Property of a right-angled Triangle, 
to have the Square of the Side oppoſed to the right Angle, 
equal to the Squares of the two other Sides; becauſe 
this ſo belongs to this Sort of Triangle, that it neceſlari- 
ly follow: from its being right angled. | 
12. We call that a» accidental Property of a Thing, or 12. What 
in general an Accident, which we do not think neceſſary e <ccidenral 


to it; or which ſo belongs to it, that it might have been MZ. as 


without it, and yet not ceaſed to have been what it was: 
Thus the Blackneſs in a Triangle is an Accident, - becauſe 
this Colour is not neceſſary to a Triangle; and it may + 
be not Black without ceafing to be a Triangle. 

13. The Production of Something which before was 13. 7 i: 
not, we call Generation; thus we ſay Fire is generated, ent by the 
when we ſee Fire where the Wood was before; fo like- — 18 
wiſe we ſay a Chicken is generated, when we ſee a Chicken 
in. the room of an Eg. 5 

14. When a Thing is deſtroyed, or ceaſes to be what” 14. Phat is 
it was before, we call ir Corruption; thus we fay it is a 7 
Corruption of the Wood, when we ſee the Wood no lo- 
ger; but only the Fire in the Place of it; And in the fame” 
manner we ſay an Egg is corrupted, when we ſee the Egg 


no longer, but a Chicken in its Place. 


15. A Thing is ſaid to be altered, when it has under- 15. Whee is 


gone ſome Change, but not ſo great a Ch as for us % by the 
not to know it again, or to have a new — given to 13 
it: Thus when a Piece of Iron, which was before cold, 
is made hot, it is ſaid to be altered; for this Change is not 
ſo great, but we know it to be Iron ſtill, and do not 
give a new Name to it. We muſt take particular Notice 
here, that the A/teration muſt make but a moderate 
Change; for if it be ſo great, that we cannot know 
r bo changed, we do not then ſay that it is altered, 
but chat it is corrupted. | \ | 

16, By the firſt Principles of natural Things, we under- 16. Wha: is 
ſtand, that which is firſt, and moſt {imple in them, or that —_—_ 
of which they are originally compoſed, and beyond which 1 of # 
they cannot be reduced. Thus, the firſt Principles of a ral Things, 
Chicken, are thoſe Things which are united together to 
compoſe a Chicken, and which are fo fimple, that they 
themſelves are void of all Compoſition. 


C . 17. Now 
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17. Thar the 17. Now I do not pretend that the foregoing Defini. 
Hun, eng tions contain any ſecret Things in them, nor do I deſign 
no mer: fh, they ſhould paſs for Things very ſublime, as ſome Philo. 
— { have done; but on the contrary, my principal De- 
— _—_ in laying them down here, was no other than to ex- 
lain the Meaning of the Terms which I have defined ſo 
diſtinctly, that no one might be deceived, in putting any 
other Senſe upon them more enlarged or reſtrained ; and 
to do it in fuch a manner, that no Fictions might be 
: made out of them. 

38. 4 Cayti- 18. I ſhall here add one Caution about Words, and it 
en about the is this, That though thoſe, which we call Nouns fauſtantive 
ſim; NE? were invented to lignify Subſtances; and Adjed?ives and 
Subſtantives, Verbs properly eig only Qualities or Modes, or Man- 
ners of exiſting or acting; yet there are a great many 
Words, which in Grammar paſs. for Nouns ſubſtantive; 
whoſe Signification is the ſame as that of Verbs. Thus 
when we ſay that « Walk is wholeſome, we mean no more 

than that it is wholeſome to walk. | 
19. An Er 19. For want of attending to this Rule, the Generality 
Fer later of young Men, when they begin to ſtudy, take the Things 
«tending ſignified by theſe Sort of Nouns ſubſtantives, to be real 
__ ings, and imagine them to have 2 Exiſtence, 
and by this Means fill the World with Scholaſtick Entities, 
and rational Entities, which they are many times fo poſ- 
ſeſſed with, that they become incapable, all their Lives after, 
of. applying themſelves. to any Thing that is ſolid and 
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The principal -Axioms of Natural Philoſophy. 


* Lad » 


„ The Hun. A FT ER having explained the principal Terms made 
ca hoſe A uſe of in ons Plloboke : I ſhall now lay down 
pp. ſome important Truth, which are ſelf- evident, and which, 
being the Foundation of all Philoſophical Truths, are con- 
ſegquently the principal Axiom of n 
2. Axim I. 2. The firſt is, that Nothing, or that which has no Ex- 


iſtence, has no Properties. Thus we cannot ſay that No- 
thing is hot, or cold, can be divided, or. has Parts, G. 
Therefore where we know there is any Property, whate- 
ver it be, there we may affirm, that there is ſame Thing, 
ſome real Being. 3. Ke 
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Chap. 5- of latvurai PriioSOPHY. T9 
fini- 3. Secondly, Ir is impoſſible that Something ſhould be made 3. Axiom, 
lin WY of abſolute Nothing; or that mere Nothing can become any 
bilo- Thing. This Axiom is a neceſſary Conſequence of the 
De- foregoing one, and proves it {elf to them who grant that. 
 ex- ¶ For if Nothing can be made Something, it would follow, 
d fo il contrary. to the preceeding Axiom, that Nothing has ſome 
any WW Pro : Which is ablurd. | 
and 4. When I ſaid that it is impoſſible for Something to be 4. In what 
: be i made of Nothing, J exprefily added the Word Abſolure, f. 1,7 
becauſe I do not at all doubt, any more than any other any Thing is 
id it ¶ Perſon, that a Thing may be — — of what no- 2 
tive WM thing of that Thing in it, or to ſpeak more clearly, may 
and i be made out of that which is not that Thing. Thus for 
lan- Example: No one can doubt, but that Bread may be 
aam made of Water and Meal, which are not yet Bread. 
ive; 5. Thirdly, No Thing or Subſtance can be holly anniþi- 5-Axion Ill. 
Thus lated; that is, ſo ceaſe to be, that there ſhall remain nothing 
at 18 * Indeed; when any thing wholly diſappears, 
we cally apprehend, that it ceaſes to be the Thing that it 
ality Wl was, in order: to become ſome new Thing: Thus we ea- 
ung fily apprehend, that Corn ceaſes to be Corn, in order to 
real WW become Meal, and that every Part of the Meal may be 
nce, WF {till divided into other Parts, ſo ſmall that they may be 
ities, utterly imperceptible ; but how that which is Something, 
{- can become abſolutely Nothing, this is utterly uncon- 
ceivable. * © fe pref 65 G. Thi 1 
an 6. Fourthly, Every E *ppaſes ome Cauſe, This 6-AxiomTV« 
is ſo . allowed by al the World, that the dulleſt 
of all, are to admire certain Effects, for that very 
— - # Reaſon, becauſe they are perſwaded that they proceed 
from a Cauſe, and that this Cauſe is wholly unknown to 
them. If this was not a very true Axiom, we ſhould not 
ſo much wonder at that moſt known Property of a Load- 
ſtone for Example; but reſt ſatisfied, with knowing only 
| that the Iron does really approach the Loadſtone, without 
wiſhing for any Thing further. 
nade 7. Fifthly, Which is a Conſequence of the foregoing 7. 4xim V. 
own Bl Axiom; If we our ſelves are not the Cauſe of any Effect, it 
nich, muſt neceſſarily depend upon ſome other Cauſe. Thus, if I 
con- know certainly, that a ana pat Effect which is within 
my own ſelf, does not depend upon me; I certainly con- 
Ex- clude, that it depends upon ſome other Cauſe. 
No- 8. Sixthly, Every Thing, as. much as it can, endeavours to 8- Axiom VI. 
continue in that State in which it is. Thus, if any Thing 
nate- W be ſquare, it will continue always ſquare, and will never 
ung, of its own ſelf become _—_— or any other Figure. This 
| 2 is 
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is what others mean, when they ſay, that Nothing tends to 
the deſtroying of it ſelf. 
9-AxiomVIL. 9. From whence it follows, Seventhly ; That every Al. 
teratiom is made by ſome external Cauſe. Thus if we fee a 
Flower in a Garden very freſh in the Morning, and inthe 
Evening find it withered ; we conclude, that either the Sun, 
or the Wind, or perhaps ſome Perſcns roughly handling of 
it, have cauſed hiv „and though we could not at 
all gueſs what it was that had made this Change; yet we 
 thould _— 3 to ſome > ; 

10. Axiom 10. | Eighthly, Ever eration is always proportic- 
8 nable to the Force of the Agent which cauſes it. So that 
the Thing which is altered continues, as much as it can, 
in its firſt State. Thus if a Body, which moves ſlowly, 
comes upon another Body at reſt, and puſhes it before it, 
we cannot think that it can move this latter Body 1 ſwifter 

than it it ſelf. | 
11. That TI. There are yet more Axioms which I fhall afterwards 
CO draw many Concluſions from; but becauſe they are not 
jams, ſo general as theſe, I ſhall content my] ſelf with men- 
;  rioning them, when I have occaſion to make uſe of 


x12: That 12. But before we proceed any further; as my De- 
berg zreares ſign is to treat of natural Things, and to explain as well 
of in their the Cauſes by the Effects, as the Effects by the Cauſes; 
574574! that I may not go beyond the Limits of 7 Subject, but 
cContain my ſelf within the Bounds of the Science I treat 
of; I expreſsly declare, that my Deſign is to conſider 
Things in their ordinary and natural State, and that ] pre- 
tend not to ſay, or determine, what they are, or may be, 
in an extraordinary or preternatural State: Becauſe, I think, 
it is great Raſhneſs to undertake to determine, how far 
the Power of God can extend it ſelf, whom I acknow- 
] to be the Author of every Thing in the World, 
and who, I believe, can make a Multitude of Things 

above the Capacity of humane Underſtanding. 
13. That we 13. Wherefore I will never venture to affirm, that 
onght not '0 there is any Thing impoſſible with God; and inſtead of 
| Tig — in ſuch a manner, which is too common amongſt 
which C Philoſophers, I will content my ſelf, with only ſaying, that 
cannot % ſuch a Thing is not of the Number of choſe Things which 

I know he can do. 


1 Swifter than it goes it ſelf.) Un- | as an Addition of new Force. See 
leſs it be endued with an elaſtick } below, Chap. xi. Art. 6. 
Fa:e, which is to be underſte 
14. And 
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14. And above all Things, I particularly guard my ſelf 14. 7hat we 
' Al. 8 zgainit enquiring into the Werke of Faiths and — — was 
ce a ing to — what is obſcure therein; becauſe I am fitive 3 
1 the Wl firmly perſwaded, that that which God Almighty would Mo/eerics. 
Sun, I have to be a Myſtery to the Ignorant and Unlearned, he | 
ng of would have to be ſo likewiſe to the moſt exalted Genius, 
t at and to them who think themſelves much greater Philo- 


we fophers than I am. 


rtio- . — — — — 
can, CHAP. VI. 
on Of the Principles of Natural Things. 


ards | þ order to know what the Principles are, of which 1. M Mar- 
natural Things are compoſed, we may take one par- 

1en- ¶ ticular Effect for a Rule, and examine that; as for Exam- 

of ple, what is done, when the Wood is converted into Fire: 

For by this Means, it will be eaſy to judge, what paſſes in 

other Productions of Nature; and this will, as it were, 

lead us by the Hand, and help us to diſcover what natu- 

ral Principles are, and how many there are of them. Firſt 

then, becauſe, according to the Maxims before eſtabliſh- 

ed, it is impoſſible to conceive the Wood to be wholly 
annihilated, or the Fire to be made out of abſolute No- 

thing, therefore we muſt think, that there is Something 

which before belonged to the Wood, which now belongs 

tothe Fire, and is therefore common to them both. Now 

this, whatever it be, that ſubſiſts under theſe two Forms, 

we call Matter, as others call it; ſo that Matter is one of 

the Principles of natural Things. | | 

2. Secondly, We apprehend alſo, that there muſt neceſ- 2. Of Form. 

farily be ſomething elſe added to Matter, which makes it 

to be Wood and not Fire, or to be Fire and not Wood; 

and whatever this be, which does not cauſe Matter to 

exiſt, but only to exiſt in that manner, we call it the 

1 and this we reckon another Principle of natural 


ings. 

3. Ariſtotle obſerved, that though a Thing could not 3. That Pri- 

be made abſolutely out of Nothing, it * however be names 2 

See I made out of what was not that Thing. Thus a Chicken Generation of 

may be made out of that which is not now a Chicken; © Thing. 

ſo that the Non-exiſtence of a Thing which he calls 

ind NPvation, muſt immediately 9 the Generation of 
| 3 


it: 
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: it: From whence he concludes, that there are three 
OR of natural Things, Privation, Matter, and 
4. That Pri- 4. But by making Privation a Principle, the Word 
vation ought Principle becomes ambiguous, and quite another Mean- 
nor to be 04” ing is given to it, than when we ſaid of Matter and Form, 
ple. tat they were the Principles of natural Things; for it is 
certain, thar Privation is not _ a Thing, nor does it 
go to the Compoſition of any Thing. 
5. That there -5- Beſide, there is no Reaſon to make a particular Myi- 
are only two tery of this Word Privation ; for there is no Body but 
eee, knows what it means; and ſince it is of no uſe to _— 
and Form, natural Things by, we conclude, that there is but two 
: when. a of natural Things, wz. Matter, and Form. 
6. That itis 6. But we have not yet made any great Advances in 
_ neceſſary the Knowledge of the Things of Nature: For, he is ve- 
— ry far trom underſtanding the Nature of Fire, who knows 
what Matter Only thus much, that Matter is neceſſary to the Compo- 
and um are. ſition of it, that is, it has ſomething, we know not what, 
in common with other Things; and that a Form is alſo ne- 
ceflary to it, that 15, another Something, we know not what, 
which gives that particular Exiſtence to the Fire; for, as 
was obſerved before, a Thing that is unknown, does not 
become known, by giving aN 
fore conſider more. diſtinctly, what Matter and Form par. 
ticularly are. We will begin with Matter, and try to find 
out what that is, which we call we don't know what, which 
is common to all the Things in Nature. : 


.CH AP. VII. 
; Of Matter, | " 


x. Te M. QIN CE chere are but three Things neceſſary to a per: 
thod Lud 8 fect Underſtanding of any Thing, viz. its Effonce in 
Ie is. Properties, and its Accidents, that we may comprehend 
* fully what Matter is, we muſt diſtinctly explain what the 
Effence of it conſiſts in, what the Properties of it are, and 

at Accidents it is capable of; in order to which, we 

have no more to do, but to exarnine all that we conceive 

any way to belong to material Things, confidered as ms: 

/ terial, that is to belong to Matter; and then exactly to 
diſtinguiſh its Eſſence, from its Properties, and Accidents 


2. } Nov 


2 


ame to it; we muſt there. 
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is neceſſary 
mother cubie Foot can be added to it, without making Auatrer. 


impenetrable. C4 
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2. Now according to this Method, if we conſider, that — — org 
though we do not ly underſtand what Hardneſs, Li. 5.1." 
quidity, Heat, Cold, Heavineſs, nag Tape Smell, Sound, Matter. 
Light, Colour, Tranſparency, Opacity, the like, are ; 
yet we underſtand enough of them, to knov7, that they 
are none of them inſeparable from Matter, that is, it may 
exiſt without an An them, (for — ſee that ſome materi- 
al Things are without Hardneſs, ſome without Liquidity, 
ſome without Hear, and —— Cold, and ſo of the 
reſt,) wherefore we ſay, that the Eſſence of Matter does 
not conſiſt in any of theſe Things, that theſe are ac- 
cidental only. | 

3. But when we conſider Matter as extended into Length, 3: That Ex- 
Breadth, and Thickneſs; as having Parts, and thoſe Parts I 
having ſome Figure, and that they are impenetrable, we do to Matter. 
not j in the ſame manner of theſe, nor think them 
mere Accidents of Matter. For, as to Extenſion, it is 
certain, that we cannot ſ the Idea of that, from 
any Matter whatſoever ; becauſe if Extenſion does not go 
along with it, we immediately loſe the Idea of Matter, in 
the fame manner as the Idea of a Triangle vaniſhes, if 
we ceaſe to have in our Minds the Image of a Figure ter- 
minated by three Lines. 

4 As to the Parts of Matter, we apprehend them to _ 4- 75 have 
belong to it ſo fieceſfarily, that we cannot imagine any 7 
Portion of it fo ſmall, be it the ſmalleſt we can conceive, Auter. 
bur that if it be put upon a plain Superficies, we muſt 
think at the fame time, that it touches it in one * 

Part, and does not touch it in another ; that is, this ſmall 
Portion of Matter, conſiſts of Parts. - 

5. With reſpe& to Figure, th it be nothing elſe 5. Thar Fi- 
but the Diſpoſition of the extreme Parts of a Body, and £7-* 
perhaps we cannot determine the particular Figure of a Ilatter. 


particular 1 is however manifeſt, that we cannot 


conceive any Body, be it ever ſo great, or ever ſo ſmall, f 
but at the fame time we conceive it to have ſome 


igure. 
6. Laſtly, With regard to I ability, ſince a Cer- 6. That Im- 
tain Portion of Matter, ſuppoſe a cubic Foot, has all that f 0 
to ſuch a Magnitude,” we cannot conceive how didnt of 


two cubic Feet: For ſuppoſe any one would. reduce them 
to one cubic Foot by Penetration, this would not be fo 
much reducing them to one twbic Foot, as it would be 
deftroying the firſt Suppoſition; whence we are led to 
think, that the Parts of Matter are in their own Nature 
7. Now 


— — 4 "—— — 
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Aa. the E. 2. Now this being ſo, we mult ſay, that Extenſion, Di- 
wv = viſibilit y, Figure, and Impen:trability, are, at leaſt, eſſential 
Matter, | Properties of Matter, becauſe they always go along with 
it, and cannot be ſeparated from it; and theſe being all 
that we. conceive to belong to Matter neceſlarily, for we 
know of nothing more, we are aſſured, that the Eſſence 

of Matter conſiſts in one of theſe. 
2. What the 8. And becauſe we conceive Extenſion before the other 


— —4 Three, and becauſe we cannot conceive the other Three, 


lis in, without firſt ſuppoſing Extenſion, * we ought to think 


that Extenſion is that in which the Eſſence of Matter 
conſiſts. 1 | 


Db abns {0 If it ſhould be here objected; That God could make 
hiſwher ugh; Something to be the Eſſence of Matter, which neither we, 
ro acknow- nor any Man living, can underſtand what it is; we can 
rea 4 make no other Anſwer, but only this; that God, being 
ſential Fro- Lord of all Things, might create them according to his 
ve o own Will; for we do not pretend to determine by our 
confi. *® Reaſon, that which Reaſon cannot come at. Wherefore 
leaving ſuch Sort of Queſtions to be treated of by thoſe, 
who are of a higher Profeſſion than that of mere natural 
Philoſophy, and who carry their Views far beyond what 

Reaſon can do; we ſhall contain our ſelves within the 

Limits which that preſcribes, without invading. the Ter- 

ritories of others; and conclude from that g 9 „ 

which we have by Reaſon, that the Eſſence of Matter con- 

ſiſts in Extenſion, becauſe that is what we firſt perceive 


in it, and from which eyery Property of Matter is derived, 


£ 


and upon which it depends. 


1 We onght. to think Extenſi- | feſtly low, may be more truly called 
on, &c.) It does no more ſeem to |} the Edence of Matter. 


FN 


conceive Extenſion before any other Eſſence of Matter, and ſo Matter 
Properties of Matter, and that thoſe | the ſame as Space it ſelf ; it would 
Properties can't be conceived to ex- | follow, that Matter is infinite, and 
iſt, without firſt conceiving Extenſi- | neceſlarily eternal, and could nei- 
on ; therefore Extenſion is the Eſ- | ther have been created, nor be redu- 
ſence of Matter; than it follows from | -ced to nothing; which is very ab- 
hence, that Exiſtence is conceived be- | ſurd. Beſide, it evidently appears 
fore all other Properties of Matter, | from Gravity, as ſhall be afterwards 
and therefore Exiſtence is the Eſſence | explained, and from the Mot on of 
of Matter, But fince Extenſion is a | Comets, and from the Vibrations 
more general Word, and compre- | of Pendvlums, that Space it ſelf is 
hends more under it than material | not Matter. Wherefore not Exten- 
Things, ir ſhould ſeem, that chat im- fon, but ſolid Extenſion, impenetra- 


penetrable Solidity which belongs to | ble, which is endued with a Power of 


all Matter, and to Matter only, and | reſiſting, may (as was before faid) be 
from which all its P -32entic» mani | moretruly called the ſence of Matter, 


* 


10. Fux - 


follow from hence; that, becauſe we | But further, if Extenſion were the 


Chap- 7. of NATURAL PHILOSOPHY. 25 

10. Further, that we ma our Knowledge as far 10. That Ex- 
25 the Light of Nature wi ae let us conlider that , # my 
the Idea of Extenſion is fo far from depending upon any . 
gn that we „ ney get We Fra 2 
Minds, when we try to imagi othing, which we 
CE Rs OLE 
ſhows that ir not upon crea ings, 
n roperty of them, much 
leſs is it an Accident or Mode of exiſting, but a true 

1:. It is generally believed, that this is very different 11. Thar this 
from the Opinion of Ariſtotle, becauſe he ſays in his Me- Motion 3s moe 
taphyſicks, that Matter is not a Thing that can any Way 2e greatef 
anſwer to Queſtions which relate to Eſſence, Beg, or part of them, 

walty; and indeed, that it is not a certain inate en fe, 

ing, This the Ariſtoteliant, for the moſt ſo in- rhe Diſciple 
terpret, that they would have us think that is not A Ariltorle. 
at all extended, nor has any Exiſtence. 
12. But Ariſtotle ſeems in this Place to ſpeak of Mat- 12. That his 
ter in general; for he exprefsly diſtinguiſhes between Ex- dne bel. 
renſion and Quantity, as every one ought, becauſe we 
can conceive the one without the other. Thus, for Ex- 
ample, 'a Surveyor of Land conceives at firſt Sight, that 
a Field is extended, but he does not know the Quantity 
of it, till after he has meaſured it. Now in this Senſe of 
the Word Matter, there is no Inconſiſtency in ſaying, 
that it may be extended, and yet not be any Thing that 
will anſwer to thoſe ep which Ariſtotle chere enu- 
merates; for thoſe Queſtions are to be underſtood only of 
| Matter under ſome particular Form : Thus we cannor 

fay of Matter in general, that it is Hot or Cold, that it 
. contains a certain Number of Feet, or that it is ſuch a 

particular Thing, as Gold, or Wood, or Marble; any 

more than we can ſay of an Animal in general, that 

: is a Horſe, and not a Dog, or any other particular 

pense. 

13. But be this as it will, if Ariſtotle was not of this 13. That it i: i 
Opinion, as many of his Interpreters think he was not; 7 e | 
we ſhall make no Difficulty in this Matter, to differ from 5, t i 
him; becauſe we do not govern our ſelves by Authority, e *o be 
when we endeavour to eſtabliſh Things upon Reaſon. 2 . K. U 
And there ſeems to me no Reaſon to ſay, that Matter, 
which is the common Subject of all Things, has it ſelf no 
Exiſtence ; for there is no Difference betwixt Non-Ex- 
ittepce and Nothing, or having no Properties 


14%. Some 


— 
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14. ThatEx- 14. Some Ariſtotelians, who may be ſatisfied with this 
renfiow in, Anſwer, will find fault with me, becauſe I call 


Extenfion of the Table can ſubſiſt without being a Table, 
but an the contrary, there can be no Table without Ex- 
tenſion. Wherefore, ſo far ought we to be from ſaying, 
that Extenſion is a Mode of which the Table is the Sub- 
ſtance, that we ought to ſay, on the contrary, that Ex- 
tenſion is the Subſtance, and the Form of the Table 
Tr. Whence 15. Laſtly, They who deny E ſion to be the Eſſence 
je is that na- of Matter; cannot diſtinctly tell us what they mean by 
5 Matter, nor in what its Ellence conſiſts; and they lay 
hither ſo down ſo obſcure a Tg for a Principle, that it is im- 
_—_— ible to draw any Conſequences from it, that can en- 
hten our Minds, or ſerve to dear up any Truth: 

2 ercfore we need not be ſurprize d, that their Philo- 
ſophy is ſo barren, and that it is not capable of explain- 
ing the ſmalleſt Effect in Nature. Let us now ſee if the 
ſame may be affirmed of the Principle which we have 


1. That the whole Extenſion of the | farily be ſome Subſtance ſubſiſting un- 
Table, &c) Yes, if neither the Table, | der the Form of the Table, which is ic 
nor the Matter it ſelf, or Subſtance of | ſelf extended; which extended Sub- 
the Table exiſted. is Inſtance | ſtance is nor Extenſion it ſelf, but 
. therefore does not prove, thatExten- | fubfiſts in Extenfion or extended 
Gon is that Subſtance or Matter of | Space, 
the Table, but that there muſt neceſ- 
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CHAP. VIII. 
Some Corollaries of the foregoing Notion. 


ROM what we have now laid down 


Eſſence of Matter, we 


what the Philoſophers call a Vacuum cannot 


ing the 
e, 1 that 
ly be : For 


infer in the firſt 


by a Vacuum they mean a Space void of all Matter; but 


by Space (or 
F 


1. That what Philoſophers call a 
Vacuum, c.) This it conſiſtently e- 
nough faid by him, who affirms the 


Eflence of Matter to be Extenſion: 


But it is very evident from Gravity, 


(which ſhall afrerwards be briefly ex- 
plained) that there muſt not be 
a Vacuam in Nature, but that it is 
the far greateſt Part. 

des, 2 Vacuum, as I faid now, 
is demonſtrated from the Motion of 
Comets. For ſince the Comets are car- 
ried with a continual Motion through 


the Heavenly Spaces, from every Part, 


and all Ways, and to all Parts in 
Orbits which cut the Orbits of 
Planers tranſverſely every way) ir is 
evident from thence, that the Heavenly 
* muſt be void of any ſenſible 
efiſtance, and conſequently of any 
ſenſible Matter, Newt, Optic. p. 310. 
See alſo the Notes on Part I. — 
25 26. 
- This is ſtill further evident from 
the Vibrations of Pendalumt, for they 
meet with no Reſiſtance in Spaces, 


cout of which the Air is exhauſted, 


wherefore it is plain, there is no ſen- 
fible Matter in thoſe Spaces, nor in 
the occult Pores of the Bodies them- 
ſelves. The Fiction of Cartes, that 
the Smaineſs of his ſubtil Matter is the 
Reaſon why the Reſiſtance is inſenſi- 
ble, for a ſmall Body 9 againſt 
a large one, cannot move it in the 
leaſt, nor hinder its Motion, but is 
reflected with the Whole of its own 
Motion ; this is yery weak, and con- 
trary both to Reaſon and Experience. 
For the famous Sir Iſaac Newton has 
demonſtrated, that the Denſity of fin- 
id Mediums is pretty nearly in proper- 
tion to their Reſiſtance (Opt. p. 311.) 
and that they are very rguch miſta 


ken, who think that the Reſiſtance of 


xtenſion) we mean the ſame Thing 


can be any Space without 


/ 
prejectile Bodies is infinitely diminiſh- 
ed, by the infinite * of the 
| Parts of the Fluid; (Princip. Book II. 
Prop. 38. Corol. 2.) For on the com- 
trat, it is evident, that the Reſiſt= 
ance can be bnt a very little diminiſh- 
ed, by the Diviſion of the Parts of the 
Fluid (1bid. Prop. 40. Corul. 3.) For, 


very nearly as their Denſities. For why 
ſhould not the ſame Quantity of Mat- 
ter, make the ſame Reſiſtance, whe- 
ther ir be divided into a great many 
very ſinall Parts, or into a few large 
ones ? Wherefore, if there were ne 
Vacuum, it would follow, that a Bo- 
dy moved in Air, or in a Place out 
ot which the Air is exhauſted, would 
| Meet with as much Difficulty, as if 

it were moved in Quick-filver ; 


| which is con to Experience, and 
therefore it is evident, that there is a 


Vacuam in Nature, and (as was faid 
before) it is much the greateſt Part. 
Since therefore the Eflence of 
Mater does not confilt in Extenſions 
but in impenetrable Solidity, we muſt 
fay, that the whole World is made 
up of ſolid Bodies which move in a 
acm m, And we need not fear, that 
the Phznomena of Nature ſhould not 
be ſo well explained thereby ; for the 
Lxphcagon of, 08 he vomena 
whic m chi to depend u 
a Plenwm, wiz, The Barometer, 5 
Flux and Refinx of the Sea, the Mo- 


dent of the Stars, and of Light, theſe 


can be more eaſily and fally explain- 
| ed upon other Principles (as ſhall be 

ſhown hereafter;) but as to the other 
Phznomena of Nature, which de- 
E upon Cauſes not ſo general, the 

xplication of them is the fame in 
our Syſtem as in chat of Cartes. 


| 


Matter, 


2 —. is 
moſſibie 

— 
be what the 
Philoſophers 
call a Vaeu- 
um. 


the reſiſting Forc & of all F ids are 
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Matter, is the ſame as to ask, if there can be any Matter with- 
out Matter, which is a manifeſt Contradiction. And it ſig- 
nifies nothing to ſay! that we! cah conceive a Space, , 
which we ſuppoſe there is no Light, Colour, Hardneſs, 
Heat, Weight, in a Word, in which we ſuppoſe there is 
not any one Quality that we can imagine; for when 
this is done, and all theſe Things denied of Extenſion, 


it is the "Accidents only that are taken away from the 


Thing, whoſe real Eſſence is at the ſame time ſuppoſed. 


2. What the. 2. And here we ſhall not trouble our. ſelves ro give an 


Conſequence 


wonld be, if 


God ſhonld 


Anſwer to any one who ſhould put the following Queſtion 
to us; Whether God could not by his Omnipotence 


annikilate the make a Vacuum, by annihilating all the Air in a Room, 


Air in a 


3. That the 3. Perhaps it may be urged by ſome, that the Walls of 
A of a Room exiſt independent of what is contained between 


would remain no 


and hindring any more from coming in its Place? For, as 


we ſaid before, it does not belong to us to determine how 


far the Power of God can extend it ſelf. But if the Que- 
ſtion be a little altered, and we be only asked, what we 
conceive would follow, if God ſhould annihilate all the Air 
in a Room, and not ſuffer any other to enter in its Place? 
We ſhould return for Anſwer, not co ing our ſelves 
with what would come to paſs without the Room, that 
the Walls would wm one another ſo near, that there 
Space betwixt them. 


them, and conſequently that they might continue in the 


bi 
— State ry Feceas: without approaching one another, though 
18 


— 2 what een them were annihilated. To which I 
Matter thas anſwer, that it is very true, that the Exiſtence of the 


is contained Walls does not depend upon what is contained between 
deemeen then. them; hut the State they are in, or the Diſpoſition of 


them, in order to compoſe a Room, this depends upon 
Extenſion, or ſome Matter which is between them, and 
conſequently, this Extenſion cannot be deſtroyed with- 
out deſtroying the Diſpoſition which the Walls were in 
before, though not the Walls themſelves. 

| ee e are — * —. — 475 
or the Space which an iy poſſeſſes, 1 not at 
from the Body it of And = 

Body changes its Place, we mean its external Place, that 
is, with regard to the Superficies 2. other Bodies with which 
it is ſurrounded, to the arts of which,, it may be 
differently apphed. 


1. Does not at all differ, 8c.) I of the Phznomena of Nature, For 
This indeed is not true; but it makes | the true Definition of Place, See 
80 difference as to the Explication I the Notes on Chap. x. Art. 2. 


5. Thirdly, 


re when we ſay a 
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the Body it enters into, or comes out of, when it is ra- 
refyed or condenſed. Thus when Paſte is turned into 


burſts with a Noiſe; for it may perhaps be imagined, be Fire. 
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5. Thirdly, When a Body appears to take up more 5- How 3. 
* th fs did before, without our cri ds Mat- (wr f pro 
ter to be added to it, which is what we call Rarefadtion, Jenſed. 
we ſhall conclude 1 that ſome very ſubtile Matter has 
entered into it, and diſtended its Parts. likewiſe, when 
a Body appears to take up leſs Rootn than it did before, 
without our perceiving any thing to be taken from it, 
which is what we call Condenſation; we ſhall think thar 
ſome imperceptible Matter is gone out of its Pores, and 
that by this means its Parts approach nearer each other. 
For ſince Extenſion and Matter are to us the fame Thing, 
we cannot conceive that a Body ſhould appear more or 
leſs extended, let the Manner be what it will, but that it 
muſt have more or leſs Matter. fa 

6. And this does not hinder, but that we may ſay with C. I w 
Ariſtotle, that a rare Body is that, which has bur a little 5,75 % 
Matter, and poſſeſſes a large Space, and a denſe Body, is that a rare- 
that which poſſeſſes a ſmall Space, and has à great deal H Body ac 
of Matter; or which is the ſame Thing, that a rarefyed — 
Body does not acquire any new Matter, nor a conden- condenſed Bo- 
ſed Body loſe any of its own. For this imperceptible 2,9 1 
Matter which we ſpeak of, ought ce wa © 
Thing that is foreign, and which does not at all belong to 


Bread, it is rarefyed before, and while it is baking, yet 
we don't ſay, becauſe of this, that we have more Bread 
than we had Paſte; though it is viſible, that a great deal 
of Air is got into thoſe large Spaces which we call the 
Eyes of the Bread; becauſe, what is thus got in, is not 
what we call Bread: So alſo when we preis the Crumb 
of the Bread in our Hand, and bring it to a leſs Com- 
paſs though we are ſure that a great deal of Air is 
ueezed out of it, yet we don't fay that there is leſs 
rumb than there was before, becauſe there remains yet 
all thar we call Crumb, and the Air which went our of 
ic, did not belong to it. | | 
7. What we have now ſaid about Rarefactiom, may be 7. Whence 
thought perhaps hardly to agree with what we experi- * os 


ence in a Cheſnut, which, when put upon the Fire, ;,,, "_ 


1. That ſore wer HR Matter, q from a Plenam, but either from the 
Kc.) When any Body is rarefyed, | Liquidneſs, or from an elaſtick Force, 


it is often very -manifeft, that irs or from Gravity and Preſſure, or 
Parts are diſtended by the Entrance | from ſome accidental Motion in that 
of the Air, or ſome more ſubtile | ſubtile Matter which enters into the 
Matter. But thig does not follow I Pores of the rareſyed Body. 


— 


; the ſame 
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that the fubtile Matter which enters through the Pore; 

of, the Husk of the Gas wat may come out ONE 

as it enters in, without breaking, or making an 

Noiſe. But this Difficulty is eaſiſy reſolved, if we — 

ſider, that it is not the foreign Matter that enters in, and 

comes out of the Cheſnut, which js the immediate Cauſe 

of the Noiſe; but the more groſs Parts of the Cheſnut 

it ſelf, which are torn in Pieces, and put in ſuch Motion, 1 by 

the ſubtile Matter which enters the Pores like ſo many 
little Wedges, that they break the Husk with a Noiſe. 


. Tuer the. 8. Fourthly, We conclude, 2 that the World is indefinite, 
, becauſe at how great diſtance ſoever we ſet its Bounds, it 


is impoſlible for us not to imagine Extenſion to be {till 
beyond. Now Extenſion and Matter, being, as was ſaid 
before, the ſame Thing; we have no Notion of the 
World's being ſo big, but we can imagine it to be till 


be 
er ii 9. Fiftbly, It is evident, that though we can ſee 
, Reaſon why there may not be many Bodies like to 
ſhould be ma- Earth, and capable of containing many Animals, 
»y Worlds. does; yet it is impoſſible , 3 that there ſbouli 
mull; for this, in which we are, poſſeſſes all 
wich we are able to conceive. | 
10. That the 10. Sixthly, Becauſe the Idea we have of the Exten 


of 

Heavens, and . 
oy here below, we ought to think 4 that they are of 
— the ſame Kind; and it is no Objection againſt this, to ſay, 
th, are of that the Extenſion or Matter of the Heavens is brighter, 


no 
our 
as that 
be 


Kind, and not ſo mutable as that of Things here below, becauſe 
this Difference regards only the Accidents of Matter and 
not the Eſſence of it. bs: Pati we 


1. the ſw brile Matter, Kc.) Or | | known: Therefore it may very wel 
44 —. rn nate bs hin 
very . 8 there 
tears the Cheſnut in p | e, &c.) It is evident, chat 
2. That the World is indefinite, | there may be many Earths like this 
y 

&c.) EY — 4 2 ut Globe of ours, 7 there may alſo be 
m, it — 5 a w, that | many Syſtems of Stars and Planets 
; the World is really and truly infinite, | diſperſed through tae vaſt I ity 
nay, that it is uncreated and eternal, | of Space; but whether there be a 
- (as was ſaid before.) But fince it is | Plenum or no, the whole Univerſe, 
Nee 
, 2 5 ece One. 
rial World be infinite or no, ſuch is 4. That they are of the ſame Kind, 
the Shorrneſs of humane Underſtand- | Kc.) This ul rus — 

ing, that it cannot certainly be | be the Eſſence of Matter. 


11. Laftly, 


— 
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5 ' 

11. Laſtly, We 2 athrm, that a Veſſel filled with 11. That :wo 
Lead * contains more Matter than if it were filled with 2 e 
Wax, though it be heavier ; for Heavineſs is not eſſential — 
to Matter, but only Extenſion, which we ſuppoſe to be Y Matrer. 
equal in them bot. | 8 285 Oy) 

12. That Notion alone which we have eſtabliſhed con- 12. Thar the 
cerning the Eſſence of Matter, bas been the only Princi- Properives of 
s we have made uſe of, to anſwer all the foregoing Que- mate « D;7.. 

ions with ſo much Eaſe ; whence there is Room to be- covery of ma- 
leye, that we may with the fame Eaſe give a fatisfactory B 
Anſwer to many more, if we reafon in the ſame manner ; 
about any of its Properties : The firſt that offers it ſelf is 
Diviſibility, which is the more copious, becauſe all its Va- 
riety of Figures depend upon it. | "re 

1. Contains more Matter, 8c) This I come to diſcourſe of the Nature of 
is abolutely falſe, as ſhall be fully Gravity. vg”; 1 
demouſtratcd atterwards> when we | * 


i 


- * — 


CHAP. IX. | 
of the Diviſhility of Alar. 


KL A 7 HEN we conſider a determinate Portion of Mat- 1. Ther Mae 
V ter without Prejudice, and compare it with other , ## 
Portions of Matter with which it is encompaſſed, we ea- 
fly conceive that its particular Exiſtence is wholly inde- 
pendent of thoſe that are near it, and that it does not 
ceale to be what it is, by being joined or united to other 
Portions of Matter; the firſt Portion of Matter there- 
fore is ſeparable from thoſe with which it is united, and 
this ſhows the Diviſibility of Matter; and the Poſſibility 
of having its Parts divided into till leſſer Particles. 
2. Indeed, when we conſider the Power of God, and 2. f Epiar- 
s abſolute Dominion over all Things that are in the — 
orld, we cannot doubt, but that he is able to make «re realy . 
certain Parts of Matter of ſuch a Nature, that there is no lle. 
ing in the Univerſe, capable of diyiding them; whence it 
would follow, that theſe Parts would not at all differ from 
thoſe little Bodies, which Epicurus calls Atoms: But this 
Property of not being capable of being divided by any 
external Being, is arbitrary, and not built upon any na- ö 
tural Principle, but on * a mere Suppoſition, which 
does not alter their real Nature; and therefore we may, 
notwithſtanding this, hold it for certain, that all Matter 


15 
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is diviſible. The whole Difficulty in this Matter is, how 

many Parts a certain Portion of Matter can be divided 

Into. * | ; 

3-That Mat 3. In order to ſolve this Difficulty, we muſt remem- 
ter is 4:4) ber, that all the Variety that we can conceive to be in 
pe b Matter, ariſes from the Forms which diſtinguiſh its Parts 
can be aſſign” from each other; for of its ſelf it is perfectly homogene- 
= ous, that is, all alike, being, cul a Subſtance extended 
into Length, Breadth, and Thi ; Wherefore we can- 

not but think, that whatever it is capable of in one 

Part, it is alſo capable of in all other Parts. As there- 

fore we cannot doubt but that it is diviſible in ſome 

Points, ſo alſo is it diviſible in all the Points that can be 

4 That the 4 Now that the Number of Points which we can con- 
Namber of ceive in a determinate Quan of Matter (an Inch for 
Points ofgn- Example) is indefinite; there are many Demonſtrations 
ter, is inde. in Geometry to ſhow, one of which I ſhall give, which 
nite, and that ſeems to me very eaſy. Let two indefinite Lines AB, CD, 
definite die be drawn parallel to each other, and at an Inch diſtance; 
viſible, then the Line EF, which is icular to them, and 
limited by them, will be. alſo an Inch long. Then let 

Tab. I. Fig. i. the Point A, 1n the Line AB, be taken on the left 
Hand of the Line EF, and, if you will, at an Inch 

diſtance from it; on the Line CD to the right Hand of 

E F, let as many Points G, H., D, &c. as you pleaſe be 

taken, and at any diſtance from each, other ; to which 

let as many ſtreight Lines be drawn from A, as AG, 

AH, AD. Then it is evident, that the Line AG will 

paſs through the Point I of the Line E F, that the Line 

AH will pass ag the Point L which is higher, and the 
Line AD will paſs through the Point M which is higher till, 
and fo on; and e the Line CD is indefinite, and 

an indefinite Number of Points, ſuch as G, H, D may be 

taken upon it, it will follow, that Lines drawn from A 

to all thoſe Points, will mark an indefinite Number of 

Points on the Line EF different from each other, and 

Which approach nearer and nearer to the Extremity E, 
without any one of them ever paſſing through the Point 

E, becauſe the Line CD is ſuppoſed to be parallel to AB. 
Wherefore, becauſe the Length of E F was taken at pleaſure, 

and the ſame Demonſtration holds for any other Length 
whatſoever; we muſt acknowledge, that an indefinite 
Number of Points may be aſſigned in an 983 Por- 

Fe Matter, and conſequently that Mater is indefinitely 


* 
- 


5. This 


ce; 


Chap: 9. of NarUnAL PhiLoSOPHY: 


5. This Truth may alſo be demonſtrated from this Con- g. Another 
ſideration, that there are ſome Quantities that are incom- Demanſtrati- 
menſurable, that is, have no commen Meaſure. Thus, 
ſuppoſe ABCD to be a Square, ir may be geometrically Tz. I. pig. a 


demonſtrated, that the Side AB, is incommenſurable to the 
Diagonal AC. Let us then imagine in our Minds the 
Line AB, which is an Inch long, ſuppoſe, to be divided 
into a hundred Thouſand equal Parts, and every one of 
theſe into a hundred Thouſand other Parts that are equal 
alſo, and again, every one of theſe into a Hundred Thouſand 
other Parts equal to one another ſtill ; we may go on in the 
Diviſion thus, for an Age » without ever being 
able to come at Parts ſo ſmall, as to fay, that the Line 
AC contains a certain determinate Number of them and 
no more. Now this could not be ſo, if Extenſion were 
not indefinitely diviſible; for then after we had divided 
the Line AB, for inſtance, into as many Parts as it is 
poſſible for Extenſion to be divided into, the Line AC 
would neceſſarily contain 1 a certain determinate Num- 
ber of —— We muſt per CER = 
every Thing which is extended, ev ortion 

Man, is indefinitely diviſible. — | 


6. This Concluſion of Ariſtorls, hath been aſſented to 6. An 06- 
by all his Followers, except a very few, and they depart- c «- 
ed from it only, becauſe they thought they contradicted £7 tber. 


themſelves : For, ſay they, if two Bodies be ſuppoſed un- 
equal, and if they can be divided indefinitely, it will follow, 
that the Number of Parts of which the one is compo- 
ſed, is equal to the Number of Parts of which the other 
is compoſed, and from thence it will follow, that 
3 which is contrary to the firſt Sup- 
poſiti 


On. 


7. But here is a double Miſtake. Firſt, they did not Fa An Az- 
conſider, that Equality and Inequality are Properties of 
finite Things, which can be comprehended and compared 
together by humane Underſtanding ; but they cannot be 
applied to indefinite Quantities which humane Under- 
ſtandi 
more t 


cannot comprehend or compare together, any 
it can a Body with a Superficies, or a Super- 
cies with a Line. But, if it could be ſaid, that of two 


unequal Bodies, divided in the foregoing Manner, as the 


1. A certain determinate Nam- could be divided alſo into them; fo 

ber, &c.) For if the Line | that one of thoſe ſmalleſt Parts would 

ub.T. AB could be divided into | be the common Meaſure of the Lines 
iz. 2, thoſe ſmalleſt Parts, the Line } AB, AC, ang of all other Lines. 

AC, and all other Lanes l ' 

D Line 


wer to this 
Objection, | 


on — 
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Line E F was divided, the Number of the Parts in the 
One, was equal to the Number of the Parts in the Other; 
we could not conclude from thence, i that the two Bo- 
dies themſelves were equal, becauſe the Parts of the one, 
are bi in Proportion than the Parts of the other: 
There is therefore no Contradiction in this particular, but 
the foregoing Demonſtration holds in its full force, 

8. Others attack the indefinite Diviſibiliry of Matter, 
another way; by ſaying, that it would from thence fol- 
low, that A o_ u Re of 8 as a Cube, a 
1 igh, might vided into as man 
thin ſq / 


8. Another 
Objection, 


uare Pieces, as cover the whole Globe of 
the Earth, if it were much bigger than it is; which, they 
think, is abſurd. 

9. But theſe have no more Reaſon of their Side than 
the other; for their Objection is founded upon this ſingle 
Maxim of their own, That every Thing is abſurd, which 
our Imagination cam t ehend: This is a very groſs Mi- 
ſtake, and unworthy of a Philoſopher, who cannot but know, 
that there are an infinite Number of Truths, which it is 
certain our Comprehenſion cannot attain to. Many Exam- 
ples might be given of this, but I ſhall content my {elf 
with Two, both which relate to the Subject we are now 
treating of, viz. The Sheets of Gold made by Gold- 
beaters, and the Gold Wire made by Wire-drawers. 

10. Concern- - 10; In order to a clear Conception hereof, we muſt firſt 
ing the Divi- know, that it appears by Experience, that the Weight of 
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fon of cee an equal Quantity of Gold and Water is as 19 to 1, f 
Gold- eq Uantit 9 O I, 10 
— ET Tao of Wane weighs 71 Pounds, 


only not equal in Quantity, but is... 

really infinitely leſs, than 4 infinite 0 
ſolid Space of two Dimenſions, viz. . 
Length and Breadth ; and an infinite 
ſolid Space of two Dimenſions, is. 
infinitely leſs than an infinite Space of 


I. That the two Bodies themſelues | 
are equal, &c.) What is ſaid of 
Quanriries decreaſing infinitely little, 
may alſo be underſtood of Quantities 
increaſing infinitely great; that is, 
Quantiries . infinitely great, are Pot 


therefore all equal to each other, For 
2 Line drawn from a Point infinite- 
Ph one way, is but half a Linedrawn 

om a Point infinitely, two ways. 
And a Rectangle of an infinite 
Heighth, upon a finite Baſe, may be 
25 , &c. of a Rectangle of an 
infinite Height alſo, upon a propor- 
tionable Bale. And, E Heterogene 
ous Quantities, an infinite Line, is 
not only not equal, but is infinitely 
leſs than an infinite Supei ficies, and 
an infinite Superficies, than an infi- 


nĩte ſolid Space. And in 2 ſolid Space, 
3 Cylinder infinüte in Length, is not 


all 0 Whence, by the 
ways it a s, how weakly th 
argue, . Space 25 the 
lame is true of Daration) may be di- 
vided into I Parts which 
are unequal ; and in infinite Space 
(or Duration) the Number of * 
greateſt Parts is as much infinite as 
that of the lealt ; which , they think 
abſurd, becauſe they believe all In- 
finites to be equal in every reſpect; 
conclude from hence, that chere can 
be no ſuch Thing at all as Infinite 
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1a cubick Foot of Gold will weigh 1349 Pounds or 221584 
Ounces. 3 Now a cubick Foot contains 2985984 Cu- 
bick Lines, and therefore 4 an Ounce of Gold contains 
138,743 cubick Lines. Wherefore an Ounce of Gold, 
reduced into the Form of à Cube, will be 5 very near 
+ Lines high, and its Baſe 6 about 2643 ſquare Lines. 
is being ſo, the next Thing to be known, is, that the 
Gold-beaters make out of an Ounce of Gold 2730 whole 
Leaves of 34 ſquare Lines each, beſides what _ call 
the Waſte, which is the ſmall Shreds that are cut off, and 
amount to almoſt half: The Supergcies of 7 every one of 
theſe Leaves is 1156 Lines ſquare, fo that if were 
all placed regularly by one another, they would 8 make 
one Superficies o 3135508 ſquare Lines; to which if we 
add 9 but a third Part, which is the leaſt that goes into 
Shreds, it will follow, that a Gold-beater makes out of 
an Ounce ot Gold 4207840 ſquare Lines. Now ſince this 
Superficies 10 exceeds the Baſe of a Cube of Gold of an 
Ounce weight 159092 times, it is certain, that That Cube, 
which, as was ſaid before, did not exceed 54 Lines in 
Height, is dvided into 159092- ſquare Leaves. 


11. Though this Diviſion of be very ſurprizing, , 7 Dr. 

et it is very far ſhort of what is done by Wire-drawers. agen of Golf 
[ have ſeen ſeveral Ingots of Silver in the Figure of Cy- ET 
linders, which weighed eight Pounds a piece; one of © 


them, which ſeemed to me more regular than the reſt, 
was two Foot and eight Inches long, and two Inches and 


1. A cnbic Foot of Gold, &c.) For is very nearly 54, though 5+ is till 
1:19:71: 1349. 1 

2. 2 1 For 16 —_— For the Cube of 57 1 
Ounces make a French Pound. See reg; And the Cube of 55 is 
5 1 Mathemat. 3. | 1; _ l 

te I. part. lib. 2. pag. 55. 22 es) For 

3. Now 4 cubic Fot) The Propor 4— 26% * HS _ | 
tion between a Line and a Foot, is | che Square of 55 is pretty nearly 
a to 144 5 now in this continued | 2632. 
geometrical Proportion, che Number 7. Every one of theſe Leaves) For 
1s 298 5984: Therefore becauſe Cubes | che Side of a Leaf, was ſaid betorero 
ze in a triplicate Ratio ot their Sides, | he 34 Lines. the Square of which is 
a cubic Line is to a cubic Foot, as1 | 1156. 
w 2985984, that is, a cubic Foot $. Make one Snperficies) Multiply 
contains 298 5984 Lines. * | 1156 the Number gt ſquare Lines in 

4. An Ownce of Gold) A cubic | gne Leaf, by 2730 the Number of 
Foot of Gold, which weighs 21584 | Leaves, and it will make 3155880. 
Ounces, contains 2985984 cubic 9. But a third Part) To which 
Lines; therefore by the following Superficies, it we add a third Part of 
3 it is, 21584 Onnces : 3155880 that is, 1051960 it will 
2985981. cubic Lines: : 1 Ornce: | make 4207840. : 
138, 233.2. cubic Lines. 10. Exceeds the Baſe) That is, the 

5. Very near 5 Lines high) F. | Superlicies 4207845 CONtains ts 


: 11 — 
be Cube Root of 1387771 Baſe of that Cube, or 264 159092 


umes, 
D 2 nine 


* 
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nine Lines about; ſo that 1 the Cylindrical Superficies 
was 12672 fquare Lines. After this Superficies was co- 
vered over with ſevetal Leaves of Gold, which all together 
weighed half an Ounce; the whole Cylinder was drawn 
through Holes made in a Plate of Steel, till it became 
ſuch as the ſmalleſt Wire that is made in this City; I rook 
25 Fathom or 150 Foot of it, and weighed them in an 
exact pair of Scales, and found that they weighed but 36 
Grains, wanting about zz of a Grain. Wherefore 2 the 
whole Cylinder ought to have been drawn into a Wire of 
307200 Foot long: Whence it follows, 3 that it is 1 X5200 
times longer than it was before, and that its Superficies is 
become 4 three hundred and forty times as mach. To 
which if we add, that when this ſmall Wire is made into 


Part I. 


a thin Plate, to cover Silk with, 5 the Superficies is twice 


1. The Cylindrical Smperficies) For 
two Feet and eight Inches (that is 
384 Lines) which is the Height of 
the Cylinder, multiplied by two 

Inches and nine Lines (that is 33 
Lines) which is the Circumference 
of the Baſe, makes 12672. | 

2. The whole Cylinder) Firſt let 
the whole Cylinder (which, as was 
ſaid before, was 8 pounds) be redu- 
eed into Grains 


which makes 128 
— Ounces. 

128 Ounces by 8, 
1 which makes 
1024 Drachms. 


| 1024 Drachms by 
by multiplying 5 


3072. Scruples. 
3072Scruples by a, 
which makes61 44 
half Scruples.- 
6144 halt Scruples 


_— 


C8 Pounds by 16, 


3, which makes 


ver which is to be drawn into Wire, 
be called A, and ſuppoſe another Cy- 
linder B of an equal Baſe, but 115200 
times higher, and let the Cylinder of 
Wire be called C. It is manifeſt that 
the Superticies of the Cylinder B, and 
the Super ficies of the Cylinder A, are 
to one another as 115200 to I, that 
is, as the Height of the Cylinder B 
to the Height of the Cylinder A, 
that is, as the Baſe of the Cylinder 
A, to the Baſe of the Cylinder B 
(for the Baſes of equal Cylinders are 
reciprocally as their Heights) that is, as 
the Baſe of che Cylinder B, to the 
Baſe of the Cylinder C. Now if we 
ſuppoſe, according to Cavallerins's 
Doctrine of Indiviſibles, that the Su- 
perficies of Cylinders conſiſt of an in- 
tinite Number of Circumterences of 
Circles equal to the Baſes, then the 
Super ficies of the Cylinder B, will be 
to the Superticies of the Cylinder C, 
as the Circumferences, or as the Ra- 
dius's of their Baſes ; now the Radi - 


by fz, which | us's are to one another in a ſubdupli- 
makes #573728 | cate Ratio of the Area's of the Cir- 
Grains. cles : If therefore the Superficies of 


Then by the following Proporti- 
on; 36 Grain : 150 Feet': : 73728 
Grain: 307200 Feet. 

3+ That it is 115200 times longer) 
For multi ply 2 Feet and eight Inches 
(which is the Length of the Cylinder) 

_ or 32 Inches by 115200, and it will 
make 3686400 Inches, that is, 
307200, Feet '(the Length of the 

whole Wire.) 

4+ Three hundred and fry times as 
much) Let che v hole Cyli 


— —ͤ—ẽ 


er of Sil- þ made as 


the Cylinder B, be ſuppoſed 11 5200, 
the Superficies of the Cylinder C will 
be a mean Proportional between 
115200 and 1 (that is, 340 very 
nearly) and the Supechcies of the 
Cylinder A will be 1. . E. D. 
5. The Smperficies is twite as bit) 
If the Cylinder be made flat, its 


' whole Superticies Is made into two 
Parallelograms, which becauſe they 
ne one upon another, form a thin 


Parallelepipedon, capable of being 
. Which is 3 
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as big; ſo that it then is encreaſed to ſix hundred and 
eighty times as much as it was at firſt, 6 and therefore 
contains 8616960 ſquare Lines. Now after this Wire is 
made into ſo thin a Plate, its ſuperficies is ſtill covered all 
over with Gold; fo that only half an Ounce of Gold 
with which the Plate is covered, is made ſo thin, that its 
Superficies is 8616960 Square Lines. 7 Which Super- 

ficies exceeds 325795 times the Baſe of a Cube of Gold 

of an Ounce weight, and twenty fix ſquare Lines and 43 
in Breadth; from whence it follows, that the Thickneſs 

of the Gold W 2 is covered with, , __ 

above r *' eight or u Of t 

whole Ticight of a Cube of Gold of an Ounce weight; 

bh, E006 Quantity of 55 Lines is divided into 651590 

arts. 

bs” © If we conſider further, that Gold is capable of be- 22: The fire- 
ing divided ſtil more, if there were any Occaſion for it; 2 
and above all, if we conſider that what we have now ex- Divi/iun of 
amined is done by Men, and with Inſtruments that are — wg 
very groſs and dull, and that there are in Nature many berter Judge- 
Things, which are vaſtly more fine and ſubtile; we ſhall met ge 
was 4 ſve, that what exceeds our Imagination, is not G. 7 

therefore impoſſible; and that it is not for us to preſume, 
as many do, to ſer Bounds to the Power of God. 

13. Laſtly, We are carefully to obſerve, that That Di- 13. Thaz 
yiſion which we make in our Minds and Imaginations, %% e 
makes no Alteration at all in Matter, but that all real wirhour Mo- 
Diviſion ariſes from Motion; that is, in order for a Por- on. 
tion of Matter to be really divided from that to which it is 
united, it muſt neceſſirily be ſeparated from it. And 
hence it is, that Motion is ſo neceſſary, and the Knowledge 
of it ſo uſeful, that Ariſtotle ſays, that he who does not 


underſtand Motion well, muſt neceſſarily be ignorant of 
all natural Things. * 


6 2 © . 2 . . 
r of | pee 60G96o by 2644, andie wi 
E I 1 " * 4 . 

gy mag» + wa —_— 8. Of half the Height) Becauſe the 
te ne: inorfictes of the Gold with which the Silver Wire is 
8 * 1 phy F covered was only halt an Ounce, that 
ir will make 8610960. , e = Cube d of an Ounce 
7. Which Snperfici:s exceeds) di- * | 
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CHAR X. 
Of Motion and Reſt. 


DECAUSE it is eaſier to underſtand what Motion 
49 is; by Experience, than to give a Definition of it, 
or to find out the Cauſe, I ſhall here make uſe- of a fa- 
miliar Example, agreed upon by all, which may ſerve to 
explain to us the Nature of Motion. 


1. What it is . Suppoſe a Man in a calm Day walking on Foot in 


to be moved. 


\ 


a Park planted with Trees, and that at the Beginning he 
is obſerved to be between the firſt Trees in the Walk, 
and then between the Second, and ſo to continue on 
walking till he comes at the End; no Body doubts but 
the Man thus walking moves, and that every Step he takes 
is a real Motion. Conſider now, that Motion of 


this Man is ſomething new, which was not in him be- 
fore; and then if we take an exact Account of what we 


conceive to have come to him fince he began to be mo- 
ved, and reject every Thing which we certainly know is 
not Motion, we are ſure that what remains, is, without 
doubt, the Thing we enquire after, and that this will ſhow 
wherein Motion properly conſiſts. We. 


2. What A- 2. Now becauſe we do not acknqwledge a Vacuum, as De- 


re. 


ron and Reft nacritus and Epicurus did, therefore we cannòt fay with 


them, that this Man which we are 187 of, applies 
himſelf to different Parts of Space, aſe we do not 
diſtinguiſh Space from Matter as they did ; wherefore in 
the Example now mentioned, there are three Things to 
be conſidered by us. Firſt, The Defire of Walking in 
the Man: Secondly, The Effort he makes to put this 
Defire in Execution: And Thirdly, The Correſpondence, 
or the ſucceſſive Application of the external Parts of this 
Man, to the different Parts of the Bodies which encom- 
him, and immediately touch him. Now it is evi- 
dent, that the Deſire which this Man has, is not the Mo- 
tion of him; for Deſire is nothing but Thought, and we 
acknowledge many Things to be moved, which we do 
not allow to have any Thought. So likewiſe we ought not 
to think, that the Motion of the Man conſiſts in the Ef- 
fort which he makes towards Walking: For though we 
may truly fay, that all Bodies which move, have an Ef- 
fort, (as we know they ſometimes have, though they do 
not move) yet we are rather to think, that * 


RD 
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. to ſay, that thoſe 
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the Cauſe of the Motion, and not the Motion it ſelf. 


Nothing 


thoſe 


—— remains but that Motion conſiſts in * = 
weceſſkve Application of a Bod) to the different Parts 
ows alſo, that; the Reſt of 4 


ately about it; whence it 
Body, is the continual Applica- 


tion f that Body ro the ſame Parts of thoſe Bodies which 
are 22 immediately touch it. 


D 4 


1. Succeſſive jon of 4 Bo- 
Kc.) The Diſpute about ch Na- 
ture and Definition of Motion, a- 
monglt the Writers of Philoſophy 
has pag deed! very perplexed, I 
ſuppoſe, becauſe, not ſufficiently at- 
exting to the * Jens of 2 
ambiguous Word, endeavour 
to comprehend thet ta one Defini- 
tion, which ought to have been ve- 
7 _ diſtinguiſhed into its dif- 
ferent Parts. 'That Motion (or ra- 
ther che Effect of Motion) in gene- 
ral, is a Tranſlation of a Body from 
one Place to another, is pretty well 
agreed amongſt them all. But what 
is meant by being tranſlated from one 
Place to another, here the Contro- 
verſy lies, and Philoſophers differ 
widely. They who define Motion b 
comparing theThing which is moved, 
not with the Bodies that encompals it, 


bur only with Space which is im- 


moveable and infinite, can never 
know or underſtand, whether any 
Body at all reſts, nor what the abſo- 
lute Celerity of choſe Bodies that are 
moved is; for beſides, that this whole 
Glebe of the Earth revolves about 
the Sun, it can never be known whe- 
ther or no the Center of this whole 
Syſtem, in which all the Bodies re- 


+ lating to us is contained, reſts, or is 


moved uniformly in a ſtreight Line. 
Again, they who define Motion, by 
comparing the Thing which is mo- 


ved, not with infinite Space, but with 


other Bodies, and thoſe at a very 
Fur Diſtance, theſe neceſſarily make 
me Body the Mark by which all 


Motion is to be meaſured, which, 


whether it ſelf is at reſt, or, with reſ- 


| — to Bodies at a ſtill greater di- 
C 


e, is moved, is impoſſible to be 
known likewiſe. Laſtly, They who 
define Motion by comparing the 
Thing which they ſay is moved, not 
with diſtant Bodies, but only with 
that Superficies which immediately 
touches it; it is very weak in them 


« reſt, which being connected wi 


1 


ings are my | 


3. It 


the Particles of other Bodies, are mo- 
ved with che greateſt Swiftneſs; as 


the Globe of the Earth which is in- 


compaſſed with Air, and revolves 
about the Sun. And on the, contra- 


ry, that they only can be faid to be 


moved, that with the utmoſt Fofce, 
and Reſiſtance which they can make, 
can do no more than barely hinder 
themſelves from being carried alo 
with other Bodies, as Fiſhes which 
ſtrive againſt the Stream. 
But if we rightly diſtinguiſh the 
different Senſes of the ambi 
Word, this whole Miſt will immedi- 
ately vaniſh, For a Thing in Mo- 
tion, may be conſidered in three 
Reſpects, by comparing it with che 
Parts of infinite and immoveable 
Space, or with Bodies that ſurround 
it at a diſiance, or with that Smper- 
ficies which immediately tonches it. 
If theſe three Conſiderations be ex- 
actly diſtinguiſhed into their ſeveral 


Parts, all future Diſputes about Mo- 


tion will be very eaſy. Firſt, chen, 
a Thing in Motion 7 be compa- 
red with the Parts of Space: And, 
becauſe the Parts of Space are infinite 
and immoveable, and cannot under- 
go any Change like Matter, therefore 
that Change of Situation, which 1s 
made with reſpect to the Parts of 
Space, witbout any regard had to 
the Bodies which encompaſs it, may 
rightly be called, abſo/ntely and traly 
proper Motion. Secondly, a 
in Motion may be compared wi 
diſtant Bodies, and becauſe a Body 
may in this manner be transfer- 
red along with other Bodies which 
immediately ſurround it, therefore 
that Change of Situation which is 
made with reſpe& to thoſe Bodies 
which are at a diſtance, and not to 
thoſe which are near, may properly 
be called, relatively common Motion. 
Laſtly, a Thing ia Motion, may be 
compared with the Superticiesof tho 
Bodies which immediately touch it: 
And becauſe, whatſoever is thus mo- 
ved, may poſſibly have no abſo/nte 
or 


— 


Aiſtance. 


40. 
In order to 
termine 
whether 4 Bo- 
dy be in Mo- Klon, 
tion or No, 
there 1 no 
need of com- 
by — it with only, 


dies at 4 
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3. It's to be obſerved here, thar when we ſpeak of 


Motion or Reſt, we always 


an immediate Applica- 


ion, and have no Regard to the Relation a Body ſtands 
in to Things at a diſtance, any further than to conſider 
ſuch ſort of Relation as a mere external Denomination 


or common Motion at all (as if an 
Arrow were ſhot towards the Weſt, 
with the ſame Swiftneſs, that the 
Earth turns towards the Eaſt ;) and 
on the contrary, that which in this 
reſpe& is at reſt, may really be 
transferred with both abſolute and 
common Motion (as Bodies hid in the 
Bowels of the Earth) therefore that 


Change of Situation Which is made 


wich reſpe& to thoſe Superficies, 
which immediately touch the Thing 
moved, may rightly be called Motion 
relatively proper. 

Firſt, Abſolntely and truly proper 
Motion, is the Application of a Body, 
to the different parts of infinite and 
immoveable Space. And this is in- 
deed alÞne abſolute and” proper Mo- 
tion, which is always generated and 
changed by the Forces impreſſed up 
on the Body that is moved, and by 
them only; and to which alone are 


- owing the real Forces of all Bodies to 


move other Bodies by their im- 
pulſe, and to which they are in pro- 


portion (See Newt, Princip. Book I. 


Def. 2. 8.) But this only true Mo- 
tion cannot be out or deter- 
mined by us, nor can wediſtinguiſh, 
when two Bodies any way ſtrike 
inſt each other, which the true 
otion, and conſequently the true 
Force from whence that Impulſe 
griſes, belongs to; whether to that 
which ſeems to us to move {wifteſt, 
or to that which moves ſloweſt, or 
pans ſeems to be quite- at reſt ; 
ule it cannot be ꝗgemonſtrated 
whether the Center of Gravity, as 
was faid before, or of the whole 


Syſtem {which we may properly e- 


nough define to be, One Point in In- 
Finite Space) be at reſt or no. 

ndly, Motion relatively common 
is the Change of Sitmation which is 
made with reſpect, not to thoſe Bodies 
which ave neareſt, but to ſome that are 


2 a diftance, And this fort of Motion 


we mean, when we ſay, that Mens 
and Trees, and the Globe of the 


Earth it ſelf revolve about the Sun: 
And we mean this Motion alſo, 


7 


which makes no Alteration in the Thing, and which 


q 


when we conſider the Quantity of 
Motion,. or the torce of a Body in 
Motion to ftrike againſt any Thing. 
For Example, when a Ball of Wood, 
with a picce of Lead in it ro make 
it heavy, is thrown out of our Hand, 
we commonly recFon the Quantity 
of Motion, or the Force with which 
the Ball ſtrikes, trom the Celerity of 
the Ball, and the Weight of the in- 
cluded Lead together. I fay we com- 
monly reckon it fo, and indeed truly, 
with reſpect to the Force it ſelf, or 
any ſenſible Effect of it; but whe- 
ther that Force or true Motion be 
really in the Ball that ſtrikes, or in 
the Earth which ſeems to be ſtruck, 
this, as was (aid before, we cannot 
certainly determine. 

Laſtly, Motion relatively er, is 
the ſucceſſive Application of a Body to 
the different Parts of Bodies which 
immediately touch it. And this is 
the Motion we generally mean in 
Philoſophical Diſputes, where we en- 

uire into the Nature of particular 
hings, as when we lay, that Heat, 
or Sound, or Liquidneſs, conſiſt in 
Motion. But particular Notice ought 
to be taken, that the * Appl 
cation of a Body is ſo to be under- 
ſtood, that it is to be applied ſuc- 
ceſſively to the different Parts of the 
Bodies immediately touching it, with 
its whole Superficies taken together 
( "wa tort ce qu'il a dexterienr, as 
the French expreſſes it;) as when a 
Ball that is thrown, glides againſt 
the different Parts of the Air wh 
its whole Superticies ; and when our 
Hand is moved up and down, it is 
ſucceſſively applied with its whole 
Superficies, to the different Parts of 
the Air on the one Side, and of the 
oint by which it is faſtned to the 
on the other Side, It was to 

no purpole therefore for Mr. Le Clerc 
to find fault with this Definition, 
in his Phyſ. lib. 5. Chap. 5. It will 
follow, ſays he, that the Banks and 
the Channel of the River are as 
much moved as the Water, becanſe 
they are as far removed from the 
Water 


”mocoa cop 0067 
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is nothing real in the Subject under Conſideration. Thus, 
the Man whom we ſuppoſe walking amongſt the Trees, 
may always keep at the fame diſtance from the ſame Parts 
of the Water that runs in a Canal juſt by, and yet wedon't 
fay that he is at reſt; and another Perſon fitting in the 
Walk, may be againſt different Parts of the Water, and 
yet we don't ſay that he in in Moriow. Whence it follows, 
that they are very much miſtaken, who, in order to de- 
termine whether a Body be at Reſt, or in Motion, com- 


pare it with immoy 


Water that 22 as the Water 
is from the other Parts of the Chan- 
nel and Banks. But the Caſe of the 
Water is very different from that of 
the Banks, The whole Superficies 
of the Water is ſucceſſively applied 
to different Parts of the Bodies which 
ſurround it, and immediately touch 
it, and therefore is transferred-from 
ſome of thoſe ſurrounding Bodies to 
others. But the Banks are partly fix- 
ed to the Earth, and therefore are not 
transferred from thoſe Bodies which 
immediately ſurround them. For 
when we ſay, that a Body is trans- 
ferred, we mean that the Whole of 
it is transferred. Wherefore an 1- 
land ſticking up in the middle of a 
River, is not moved (not ſo much as 
with this mere relative 9 ences) tho” 
the Water ſlides by it, e it is 
brmly fixed in the Earth, and is not 
transferred from that which imme- 


_ Cately touches it. So a Body e- 


Ily poiſed in a Liquor whoſe 
arts run upon it with equal Force, 
is not moved ; becauſe though every 
icular Part of the Superficies of 
i be every Moment applied to dif- 
ferent Parts of the Liquid that ſur- 
rounds it, yet the whole Superficies 
of it is not transferred at once from 
the concave Superficies of the Parts 
which ſurround it, conſidered as one 
whole Super ficies. 

Further, according to theſe diffe- 
rent Definitions of Motion, are we to 
underſtand the Word Place in dif- 
ferent Senſes. For when we ſpeak 
of truly or abſolutely mow Motion 
(or Reft;) then by Place we mean, 
that Part of infinite and immoveable 
Space which the Boy poſſeſſes ; when 
we ſpeak of Motion relatively com- 
mon, then by Place is meant, a Part 

ſome particular Spare or movea- 


Dimenſion, which Place it ſelf js 


Parts which they imagine to be 


| beyond 


and properly moved, along with 
norm is placed in it; A hen 
we ſpeak of Motion yelatively proper 
(which indeed is very impr 
then by Place, is meant the Swperficies 
of the Bodies (or ſenſible Spaces) which 
immediately ſurround the Thing moved. 
As to the Definition of Ref, all 
are very well agreed in it: But whe- 
ther Reſt be a mere privation of Mo- 
tion, or any Thing poſitibe, this is 
ſharply diſputed. Cartes and ſome 
others contend, that That which is 
at reſt, has ſome kind of Force, by 
which it continues at Reſt, and 
whereby it reſiſts every Thing that 
would change its State; and that 


Motion may as well be called a 


tion of Motion. Malebranch in his - 


Enquivy after Truth, Book 6. Chap. 9. 
and others contend on the contrary, 
that Reſt is a mere privation of 
Motion ; their Arguments may 


ſeen briefly explained in Mr. Le | 


Clerc's Phyſ. Book 5. Chap. 5. One 
Thing only I would obferve by the 
way, relating to this Matter, and that 
is, that Malebranch and Mr. Le Cleve, 
who follows his 2 in the 
owing Argument, e Que- 
ſtion. Sup * Po. A Bal at 
reſt; ſuppoſe that God ſhould ceaſe 
to will any Thing concerning it: 
what would be the Conſequence ? 
It would be at reſt ſtill. . le it 
be in Motion; and that God ſhould 
ceaſe to Will that it ſhould be in 
Motion, what would follow then? 
It would not be in Motion any lon- 
ger. Why not? Becauſe the Force, 
whereby the Body in Motion continu- 
ed in the State it was, is the poſitive Will 
of God, but that whereby it ĩs at Reſt 
is only privative : This is a manifeſt 
begging of che Queſtion. In reality, the 
Force otTendency — 
er 


| 
| 
| 
| 


— 
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beyond the Heavens, where it is very uncertain, whether 

- there be any Parts of Matter more immoveable than thoſe 
near us. | | 

Aremart- 4. Having thus explained the Nature of Motion and 

able Nene Reſt; when we fee a Fiſh in the River keeping it ſelt 

Zan for ſome time right apainſt the ſame Part of the Bank, 

axother Body and neither the Stream which ſurrounds it, carrying it 

* Rt downward, nor its own Force, by which it ſtrives againſt 

the Stream, carrying it upward, we ſay that it is really in 

Motion, becauſe it really agrees in every particular, with 

another in a Pond, which is by all allowed to be in Mo- 

tion ; for the Effort of the Former, makes it to be ſuc- 

ceſſively applied to the different Parts of the Running 

Stream, in che ſame manner, as the Effort of the Latter, 

makes it to be applied to different Parts ot the Water in 


the Pond. On the contrary, when we ſee a Stake float- 


ing onthe Water, and carried along with the Stream, we ſay 
that it is at Reſt, becauſe it is incompaſſed with the ſame 
Parts (which is the general Reaſon why we fay a Body is 
at Reſt) though at the ſame time, the Stake and the Ri 
a ver ur are but ore Thing in Motion. 
L. Ther to re- 5. When a Fiſh that moves it ſelf in the manner 
# {ane ſor: now deſcribed, is not carried along with the Stream, we 
£o move to- Are uſed to ay, that it reſiſts the Stream; ſo when a Bo- 
wards the 2 by its Reſiſtance, hinders it ſelf from being carried 
nee Pei, along with another Body with which it is entirely ſur- 
rounded,” we may as ſay, that it moves the contrary 
way. | > 
tion and Reſ different Parts, without ſuppoſing a Body ſo applied, ſo 
e 'fex. that Motion depends neceſfarily upon the Thing moved; 
iging, and therefore we are not to think that Motion is any 1 
are cach of but only a Mode of the Body in Motion; and ſo likewiſe, 
— ao that Reſt is only a Mode of the Body which is at Reft. 
Aare. Whence it follows, that Motion and Reſt add nothing 
more to the Body in Motion or at Reſt, than Figure does 


to a figured Body; and ſince a Body may either be moved 


ther in Motion or at Reſt, continue jon to their Denſity, that is, to 
in the State in which they once are; e Quantity of Matter contained in 
is the mere Inertia of Matter; and | them; 228 ſtriking up- 
therefore if it could be, that on another with a given Velocity» 
Mould forbear willing at all; a Body | whether that other greater or 
that is once in Motion, would move | leſs, moves it in proportion to the 
on for ever, as well as a Body at | Denſity or . of Matter in 
Reſt, continue at Reſt for ever. And | the one, to i 
Effe& of this Inertia of Matter | of Matter in the other, 
this, that all Bodies reſiſt in pro- 


W Dead. So . Mia 
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or not moved, we conclude, that Motion and Reſt are 


only accidental to Matter. | 

7. Motion has always been acknowledged to be a Spe- 7. How 1. 
cies of Quantity, which is meaſured partly by the Lengrh — 4 
of the Line, which the Body in Motion runs; for Ex- Tlociam. 
ample, when a Body of a given Bigneſs, ſuppoſe 4 Cubic 
Foot, moves a given Space, ſuppoſe fixty Fot, we call this 
a determinate Quantity of Motion, and it is twice or thrice 
as much, if the fame Body runs 120 or 180 Feet. 

8. It is alſo partly meaſured i by the 1 75 of Matter 8. Anethe 
which moves together: For Example, If a Body of two [7 . 
Cubic Feet runs through a Line ſixty Foot long, it has twice Quantity- of 
as much Motion, as a Body of one Cubic Foot, which runs Motion. 
through the ſame Line: For it is evident, that we ought 
to reckon as much Motion, in each half of the Body of 
two Feet, as in the whole Body of one Foot. 

9. Whence it follows manifeſtly, that in order for une- 9. How two 

Bodies to have equal Quantities of Motion, the Lines —— 
which they run * ought to be in reciprocal Pro- equa! Quan- 
portion to their Bulk. Thus, if one Body be three times , Ae. 
as big as the other, the Line which it runs through, ought * 
to. be but a third Part of that of the other. | 

10. When two Bodies hung at the Ends of a Ballance 10. How two 
or Leaver, are to one another, in reciprocal Proportion 27% 5» 
to their Diſtances from the fixed Point; they muſt ne- F Balance 
ceſlarily, when they are moved, deſcribe Lines which are * 
to each other, in reciprocal Proportion to their Bulks. 

For Example; if the Body A be three times as big as the Tab. .Fig.z. 
Body B, and theſe Bodies be fo faſtned to the Ends of the 
Leaver AB, whoſe Point C is fixed, that the Diſtance BC 
be three times as much as the Diſtance AC, the Leaver 
cannot incline either to the one Side or the Other, but 
the Space BE along which the leſſer Body is moved, will 
be three times as much as the Space AD along which 
the greater Body is moved; wherefore the Motion of the 


1. By the Quantity of Matter) That y Balls, the one ſolid, the other hollow, 
is, of the Matter which belongs pro- } and empty, be moved with the ſame 
. the Body in Motion! For, Celerity; the ſolid Ball will have 
the ſubtile Matter, if there be any more Motion than the hallow One, 
ſuch Thing, with which the ſmall | and will ſtrike a Body againſt which 


Pores of terreſtrial Bodies are filled, is |] ir is thrown — 2 Force. And 


not transferred along with them, the Quantity of Matter which ig pro- 
with the fame common Motion; ly contained in any Body is to be 
Therefore if a Ball of Iron, and a | determined by its Weight. Where- 
Ball of Wood of the ſame Bigneſs | fore the Quantity of Motion is not 
be moved with the fame Celerity, | ro be meaſured by the Celerity and 
there will be more Motion in the | Bigneſs, but by Celerity and 
Ball of Iron, than in that of Wood. | Weight of the Body in Motion; 
80 likewiſe, if two equal leaden which is carefully to be gblerved. 
: one 


— — - — _- 


11. The Rea 
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one 
Ger This being 
the Body A, with four Degrees, ſuppo 
downwards, ſhould lift up the Body B with foyr Degrees 
of Motion, rather than the Body B with four Degrees.of 
Motion tending downwards alſo, ſhould lift up the Body 
A with four Degrees of Motion; wherefore we ought to 
think that they will be in æqguilibrio. 1 And this is the 
Foundation of Mechanicks. 

11. So likewiſe when any heavy Liquor is contained in 


ſo, there is no Reaſon to think, that 


fon. why an inverted Siphon, whoſe Tubes are wider one than the 


5 
Cachathe 


Tab.l, Fig.4. 


other, if we _—_— the Height of the Liquor in each 
Tube to be divided into very many equally thin Planes ; 
one of theſe Planes in either Tube, cannot by ſinking, 
raiſe the Liquor in tie other Tube, but the Sinking and 
the Riſing muſt be in reciprocal Proportion of the Quan- 
tity of Parts which fink to thoſe which riſe. Thus, if 
the Width of the Part AB, the larger Tube of the Si- 
phon ABCD, be a hundred times as much as the Width 
of the Part C, the ſtraiter Tube; and conſequently, 
the Quantity of the Parts of the Liquor in the Plane AB 
a hundred times as many as the Quantity of Parts in the 
Plane C; then the Riſing or Sinking of the Parts on the 


Side AB, will be to the Riſing and Sinking of the Parts on 


Fig. 3+ 


The Force of 


the Side C, in a centuple reciprocal Proportion: Where- 
fore the Motion of- all the Parts in the Tube AB is ex- 
actly equal to the Motion of all the Parts of the Tube C. 
So that they in the one, are no more able by ſinking, to raiſe 
thoſe in the other, than theſe Latter are able by. ſinking 
to raiſe the Former. Whence it follows, that if each 
Tube be divided into an equal Number of Planes, tha: 
is, if the Liquor be of an equal Height in them both, 
1 it muſt keep it (elf in £qwibrio, unleſs diſturbed by 
ſome external Cauſe. 12. Since 


„ Will be exactly equal to the Motion of the 
ſe, of Motion 


1. And this is the Foundation of / 
Mechanicks) Upon this is built that 
n mous Problem of Archi- 
Tab. I. mides, Bog woo 5a x TW 
Vu chic, To move 4 
iven Weight, with a gi 
vom Force: For by in the Di- 
ſtance C B, the Force of the Body B 
may be increaſed infinitely. For the 
manner how this is done by increa- 
fing the Number of Leavers, Wheels, 
Pulleys, Screws, &c. ſee Wilkins's 
Mathematical Magick, and others. 
one of which 
Mechanick Powers, and whence it ari- 


| ſes, is fully explained below in the 
Ns 27 Artic. 2 
1. 1it eep it ſelf in æquilibrio 
Hence ir follows, | That all 152 
s preſs upon es 
— — — them, Tab. X VII. 
according to their per- Fig. 1. 
pendicular Height, and 1 
not according to their Breadth. Which 
Paradox may alſo be demonſtrated in 
the following Manner. Let ABCDFE 
be a Veſlel filled -with Water : Now 
becauſe the Column BF is heavier 
than the Column HG, it is manifeſt, 


that if the Veſſel were open at H, 
the Columa GH would rife till it 
. became 


ut I. 
the 


that 


Otion * 


prees 
es Of 
Jody 
It t9 
the 


d in 
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ject, 


it 1s 


known; it is to no Purpoſe 
nd out how Motion could be firſt prod 


Chap. 10. of Natural PrmrtoSopry: 
12. Since it is only the Eſſential Pro 12.7 
which can be deduced from the Eſſence of it, after 1 


e for us to endeavour to 
uced in Bodies, 


becauſe this is not an eſſential Property; we ſhall not there- 


fore ſtand to argue upon this Subject: But as we own 
God to be the Crearor of Matter, ſo likewiſe we own 


him to be the firſt Mover of it. 


became in £quilibrio with the Co- 
ma B F. Since therefore the Co- 
ver which ſhuts up the Veſſel at H, 
hinders the Column GH from riſin 

it is evident, chat che Water atH preſſes 
the Cover of the Veſſel upwards with 
a Force equal to the Weight of BL, 
and becauſe all Preſſure is reciprocal, 
it is evident alſo, that the Water at 
G preſſes the Bottom of the Veſlel 
downwards with the ſame Force ; 
to which Force the Weight of the 


Column GH is co be added, by which 


means, the Force of the Water preſ- 
ſing upon G, will be the Game as if 
the Column GH were equal in height 
to the Column FB, that is, as if it 
were filled up to M. The ſame may 
be demonſtrated likewiſe of all the 
other Columns ; whence it is mant- 
feſt, that the Bottom ED is prelled 
in the ſame manner, as if the Veſlel 
every where of equal Thicknels, were 
filed with Water to NO. 

* the * of = —.— 
tion nds upon this Suppoſition, 
that eo Liquor contained inthe Veſ- 
ſel be ſuch as cannot be compreſſed: 
as Water which cannot be compreſſed. 
What therefore was ſaid of all Li 
gquors, is to be underſtood of ſuch Li- 
guors, VIZ. that they preſs pn Bodies 
that are nnder them, according to their 
perpendicular Height, and not ac- 
cording to their Breadth. 

Corol. 1. If the Tube AB de ſtop- 
ped cloſe with a Cover, and the lit- 

tle Tube CD be filled with 


Tab. I, Water up to D, the Water 
Fig. 4. contained in this Tube, will 

preſs upon the Water below 
in the great Tube, and this Preſſure 


will diffuſe it ſelf through all the 
Water, and thruſt againſt the Sides 
and Cover of the veſſel thus cloſed ; 
and it a Hole be made in the Cover, 
for the Water to get our at, it will 
fly out thence with as much Force, 


as if the little Tube CD were as 


broad as the Tube AB, 


| 


13. But 


Corol. 2. If two Cylinders be exact- 
ly fitted to the Tubes AB, 

CD, Weights laid upon Tab. I. 
them will be in aguilibrio, Fig. 4. 
if they are in proportion to 

the Width of the Tubes. For Ex- 
ample, if the Tube AB be four times 
as wide as the Tube CD, one pound 
Weight laid upon the little Cylinder, 
will be equal ro the Force of four 
Pound Weight laid upon the great 
Cylinder ; which Experiments may 
be infinitely diverſifyed. 

Corol. 3. Hence it is eaſie to ex- 
plain chat Paradox, which ſo much 
perplexed the Famous 
Dr. Henry Moor, and Tab. XVII. 
other learned Men, viz. Fig. 2. 
why a flat round Board, 
ſuch as a Trencher, when it is pue 
into Water, ſhould riſe up immedi- 
ately, though the Weight of the in- 
cumbent Water be much greater, than 
that under it, and yer there be no 
ſuch Thing in Nature as Lightneſs 
to lift it up. Let ABCD be a veſ- 
ſel full of Water, F a round Board 
immerſed in the Water. Now be- 
cauſe, from what has been alread 
ſaid, the Columns of Water Hb, H 
communicate all their Weight ro the 


| Column 4d, and if the Column 44 


ſhould deſcend; the Columns H 6, H b 
would aſcend with a Celerity, pro- 
porrionably greater, as they are leſs 
thick; whence it is evident, that 
theſe ought to be in <qnilibrio with 
each other (in the fame manner as 
in the Siphon Tab. I. Fig. 4.) it the 
Column 44 be all Water. But be- 
cauſe part of this Column is not 
Water, but the Board F, which is 
ſpecifically leſs heavy than Water ; 
refore the 4quilibrium is altered, 
and the Column GGdd having leſs 
Force (compounded of the Magni- 
tude and Velocity) than the Columns 
Hb, Hb; it muſt riſe fo far, that 
there mult be as much of the Wood 
above 


ies of any Sub- 12. That Ged 


13- That it 13. But becaule ic is not che Part of a Phileſopher to 
1 make him working Miracles every Moment, and to have 


Cod once cre- perpetual Recourſe to his Power, we ſhall take it for 
atea Motion. ted, that when he created the Matter of this World, 
be i impreſſed a certain Quantity of Motion upon the Parts 
of it, and that afterwards, by the common rſe of his 
Providence, hehindred Things from returning into their 
original Nothing, and preſerved always 1 the fame Quan- 


tity of Motion, ſo that what remains for us to do, is on- 
ly to enquire into other Circumſtances of Motion, and 


to examine Second or Natural Cauſes. 


above the Superficies of the Water, 
| as it exceeds In 1 a Quantity 
of Water of equal Weight, If the 
round Trencher F were ſo exactly 
fitted to the Width of the Veſſel, that 
no Water could get between it and 
the Sides of the Veſlel, ſo as to com- 
municate its Weight to the Water 
below, and by that means force the 
Board upwards; or if the Board 
touched the Bottom of the Veſlel fo 
cloſe, that no Water could get in 
between it and the Bottom, then 
the Board would not riſe at all. As 
J have often tried in Quickſilver, 
which does not wet the Board, and 
therefore will eaſily let it go cloſe to 
the Bottom of the Veſſel. 

1. The ſame tity of Motion) 
Some other Principle (beſide the Iner- 
ria of Matter) was neceſſary for put- 
ting Bodies into Motion; and now t 
are in 1 other Principle is 
nece r conſerving the Motion. 
Te A Globes Je by a ſlendey 
Rod, revolve about their common Cen- 
ter of Gravity with an uniform Mo- 
rion, while that Center moves on uni- 
formly in a right Line drawn” in the 
Plane of the circular Motion ; The 
Sum of the Motions of the two Globes, 
a5 often as the Ghbes are in the 
right Line deſcribed by their common 
Center of Gravity, will be bigger than 
the Sum of their Motions. when they 
are in a Line perpendicular to that 
right Line. By this Inſtance, it E 
Pears, that Motion may be got or loſt. By 
reaſon of the Tenacity of Fluids, and 
Attrition of their Parts, and the 
Weakneſs of Elaſticity in Solids, Mo- 
tion is much more apt to be loft than 

ot, and is always the Decay. 
or Bodies which are either abſolute- 
ly hard, or ſo ſoft, as to be voin of 
Zlfticiry, will not rehound from one 
enother. Impenetrability makes them 


only flop. If two equal Bodies meet 
aireftly in Vacuo, they will by the 
Laws of Motion ſtop where they meet, 
and loſe all their Motion, and remain 
in Reſt,- unleſi they be elaſtith, and 
receive new Motion from their Spring. 
Z they have ſo mnch Elaſticity as fa. 
ces to make —＋ 2 with 4 
quarter, or half, or three ters 0 
the Force with which th —— «4.1 
ther, they will loſe three — or 
Half, or a quarter of their Motion, 
And this may be tried, by letting two 
equal Pendulums fall againſt one ano- 
ther from equal Heights. If the Pen- 
dulums be of Lead or ſoft Clay, they 
will loſe all, or almoſt all their Motions : 
If of elaſtick Bodies, they will loſe all 
but what they recover from their Ela- 
fiicity.. Newton's Opticks the 24 
Edition, in Engliſh, p. 373. 
If it be asked how Motion, which 
is thus ly loſt, ſhould be per- 
y regained. The Anſwer is; 
hat it is regained by certain active 
Principles, ſich as are the Cauſe of 
Gravity, by which Planets and Com- 
mets heep their Motions in their Orbs, 
and Bodies acquire great Motion in 
falling. The of Fermentation, 


| by which the Heart and Blood of 


Animals are kept in perpetual Mo- 


tion and Heat; the inward Parts of 


the Earth are conſtantly warmed, and 
in ſome Places grow very hot. 

dies burn and ſhine ; Monntains take 
Fire, the Caverns of the Earth are 


blown up; and the Sun continues vi- 
olently hot and Incid, and warms all 
Things by his Light; (and the Canſe 


of 5 whereby Bodies reſtore 
themſelves to their former Figures; 
all which Cauſes ſhall be treated of 
in their proper Places) For we meet 
with very little Motion in the V Vorid. 
beſides what is owing to theſe active 


Principles, Ibid. P- 375 
CHAP, 


s oe a. oo Mo. ade bones iD he reds > + x & 2 £0 x Q. las 


a A _—_— TY 1 


CRC m ,.. 


W 
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CHAP. XI. 
Of the Continuation and Ceſſation of Motion. 


OW it comes to paſs that a Body in Motion, ſhould 1. 7 4 
H continue to be moved, is one of the moſt conſi- 39 N 
derable Queſtions relating to Motion, and has very much 3: ſelf begin 
perplexed the Skill of Philoſophers ; but upon our Prin- * ove, r 
ciples, it is not difficult to account for it: For, as was A 15 
before obſerved, nothing tends to the Deſtruction of it /eff ceaſe 10 
ſelf, and it is one of the Laws of Nature, that all Things We. 
will continue in the State they once are unleſs any externall 
Cauſe interpoſes ; thus that which exiſts to Day, will 
endeavour, as far as it can, to exiſt always; and on the 
contrary, that which has no Exiſtence, will endeavour, if 
I may ſo ſpeak, never to exiſt ; for it never will exiſt of 
it Fd if it be not produced by ſome external Cauſe : So 
alſo, that which is now a Square, will, as far as is in its 
Power, always continue a Square. And as that which 
is at Reſt, will never of it ſelf begin to move, unleſs 
ſomething move it; ſo that which is once in Motion, will 
never of it ſelf ceaſe to move, unleſs it meets with ſome- 
thing that retards or ſtops its Motion. And this is the 
true Reaſon why a Stone continues to move after it is 
out of the Hand of him that throws it, 

2. We ſhall therefore have but little regard to that com- 2+ Tr ie ib 
mon Saying of Ariſtotle's, That every Thing in Motion tends ge 
to Reſt, becauſe there is no good Reaſon for it. For if Bodies in Au 
this Opinion ſeems to have ſome Foundation from what , 4 of 
we experience on the one Hand of the Things on the = a5 
Earth, where a Stone or any other Body in Motion does | 
not continue always to moye; yet it is overthrown by 
what is obſerved on the other Hand in the Heavens, 
where from the Obſervation of many thouſand Years, 
we find no Diminution of Motion. 

3. To which we may add, that this Opinion is not ſo 3. 74«: An- 
eaſily ſupported, by the Experience of what is done here „ 
upon the Earth, as is imagined : For though indeed it be proved by 
be very evident, that we ſee the Bodies which were in Mo- Epericace. 


tion, ceaſe to move, and to be at perfect Reſt yet it is by 


no means evident, that they tend to this of themſelves : 
For no Body can ever think, that a Cannon-Ball, after ir 
has entered three or four Foot into a Wall, has an In- 
clination after that to be at Reſt. On the contrary, when 
EI we 


j 


! 
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we perceive that this Ball enters deeper or leſs deep, ac. 
cording to the Difference of the Bodies that receive the 
Force of it, we aſcribe, with more Reaſon, the Ceſſa- 
tion of its Motion to the greater or leſs Reſiſtance made 
by thoſe 3 0 8 A 15 

4. That the 4. This Opinion was iar to Ariſtotle, no 

132 , Would have vis come into it, if they had l 

that the Re- that Air, though it does not reſiſt Motion ſo much as a 

1 Wall, yet it makes ſome Reſiſtance, as we experience in 

Conſe . A Fan moved quick; for then when they had ſeen a Can- 

nber Bodies non-Ball or a Stone, not always continuing to move in 

cefing the Air, they would have thought, that this was cauſed by 
g the Reſiſtance which the Air makes to the Motion of the 
Ball, and that the Ball loſes as much Motion as it commu- 

nicates to the Air. . 

27; J. Now in order to find out how much of its Motion 

na, loſes j, 2 Body loſes when it ſtrikes againſt other Bodies, you muſt 

machof irs remember, that we ſuppoſed 1 that God created a certain 
own orion Quantity of Motion, and that by the common Courſe of 
aicates tp. his Providence, by eſerves as a Motion in — 
nber Bodies, ter, as he impreſſed upon it at the Beginning; whence 
it follows, that if a Boch in Motion, ſtrikes directly up- 
om another Body at Reſt, and puſhes it before it, it muſt 
neceſſarily loſe as much of its own Motion, as it communi- 
cates tothe other, in order for them to go on together with 
, the fame Celerity as if the two Bodies were one common 
_ Maſs. Wherefore if a Body in Motion be three times 
zãs big as the Body at Reſt, it will loſe a fourth Part of 
its Motion ; and inſtead of running, ſuppoſe, a Line of 
four Fathom, in a given time, it will run but a Line of 
three Fathom, that is, it will move with a fourth Part 

leſs Celerity, than it did before. 
6.7ha 6. If a Body in Motion, ſtrikes upon another Body in 

_F in — Motion alſo, it will make that move ſwifter; but it will 

3 not loſe ſo much of its own Motion, as if this latter had 

when it frites been wholly at reſt; becauſe all that it has to do, is only 

2e, an0- to add ſome Degrees of Motion to thoſe it has already, in 
ready in mo. Order to make the Bodies move with the ſame Celerity : 

_ than One Example will make this clear. Suppoſe a Body to 

— — have a certam Quantity of Motion, for inſtance, twelve 

at Reſt, | 

8 I. That God created a certain {| not reflected, but loſe their Motion ; 

Quantity of Motion) See above Chap. | yer in other Caſes, Bodies y 

X. Art. 13. But though Motion d, communicate their Motion to 


may be deſtroyed, and hard Bodies | each other, according to thoſe Laws 


that have no elaſtick Force, when | which the Author is explaining. 
they ſtrike againſt each 0:hf, are * | | 
Degrees 


Part l. 
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Degrees, and chat ir ſtrikes upon another which is at 
Rel, according to what was now faid, if the firſt Body 
be as big again as the other, it ought ro communicate 
four Degrees of Motion to it, and keep eight to it ſelf. 
But if the Body which has twelve Degrees of Motion, ftrikes 
againſt the other moving with three Degrees, it ought to 
increaſe its Motion but two Degrees, to make it have as 
much as it ought to have ; becauſe this being but half as 
big as the other, it will by this means have Motion e- 
nough to go as ſwift as the other: And therefore that Bo- 
dy which before kept to it ſelf only eight Degrees of Mo- 
tion, will now keep Ten. 1 * 

7. 


1. If a Body in Motiou, be three I. From ſimple Impulſe. By the 
times as big as another Body at Reſt, | Force of which alone, if the Bodies 
and ſtrikes againſt it with thirty two | had no Elaſtick Force, each Body af- 

s of Motion, it will give it | ter they had met, would either whol- 
eight Degrees of its Motion, and | ly reſt, viz. if they meet each other 
keep Twenty four to it ſelf : But | with equal Motion; or they would 
if the latter Body had four Degrees | go both on together, as if chey were 
of Motion before, ic will giveit but | united into one Body, with the ſame 
five Degrees, and keep Twenty Se- | Velocity ; and the Sum of their Mo- 
ven. By the ſame way of Reaſfon- | tions (it they moved both the ſame 
ing, it is eaſy ro find out other Laws |. Way) or the Difference of their Mo- 

communicaring Motion in Bodies | tions (if they moved contrary Ways) 
that are perfectly hard. Bur becauſe | would contiuue the ſame after their 
the hardeſt Bodies of all have alſo an ing as before. 
Elaſtick Force, and becauſe the Caſe II. From Elaſtick Force. Which 
of Elaſtick Bodies, is different from | in Bodies perfectly Elaſtick, is equal 
this, and more difficult, you may find | to the Force with which they are 
the Principal Laws by which their | comprefled ; that is, when two ſuch 
Motion is communicated, explained | Bodies are ſtruck againſt each other, 
by theſe learned Perſons; Sir Cþri- | it is equivalent to that Motion which 
flepher V Vren, Dr. V Vallis, Mr. Ha- | one of them would gain or loſe by 
gens, in his Philoſophical Tranſacti- | fimple Impulſe only. This Force acta 
ons, Numb. 4.3, and 46, and more | the contrary way, and therefore the 
_— the ſame Mr. Hagens in his | Motion which is produced by it, 
PoſthumousWorks, and by Mr. Mar- | muſt be ſubſtracted from that Mo- 
riot, in a whole Book wrote upon | tion, which is in the Body impelling, 
this Subject, and alſo very fully by | and added to that Motion which 1s 
Dr, Keil in his Lectures upon Na- | in the Body impelled, by the Force 
tura! Philoſophy. But this whole | of fimple Impulſe only, in order 
Matter may be comprehended in the | to find their Velocities after Refle- 


following on. 

This being * Let A and 
PROBLEM. B be two perfectly Elaſtick Bodies, 
and let A either overtake B, or meet 
The Weights and Velocities with | it; Let their Velocities be à and 
which two Spherical Bodies, perfect- b; Then the Motion of A will be As 
ly Elaftick, whoſe Centers are mo- | and the Motion ot B, will be Bb, and 
ved in the ſame ſtreight Line, meer | the Quantity of Motion, in them 
each other, being given; to find their | boch together, if they be moved the 
Velocities after they have met. ſame or contrary ways will de 
Ia the following Computation, the | Aa + Bb, which (by the 1ſt 22 

Motion of Elaſtick Bodies after ſtrij- will be the ſame after their Impu 
King againſt each other, is ſuppoſed | as before. Now (if they had no E- 
w wiſe from two Cauſes. | laſtick Force) cheix common Velo» 
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Body loſes its 
Motion. 


Apa = B2b 
— OO _ 


_ there 


tions 
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7. If a Body which was moved by another, be by any 


4 
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Means turned out of the Way, fo that That from which 
it received its Motion, is left to move freely, it will con- 
tinue only to move as it did after it had moved enn. 


city after they had met, would be 
Aa & Bb f 
aua therefore the Motion 


2 1 += 
of Az 88388 and that of B» 


4 25 

7%" Now if the Motion 
Aza E AB 1 
n. remains in A 
the Motion A a, which it had at firſt, 
will remain the Motion 


CY 

by Simple 1 
imple Im 

Morin be fublir 

720 2 

he ST — — which is in A, and 


Ar 2 
added to the Motion — 
which is in B after their Meeting, from 
the firſt Cauſe only, the Remainder 


A 
the 2d Poſition) be the Motion of 
A, and the Sum 2 2 T ABb 


will be the Motion of B, Tom both 
Cauſes together, after Reflection. 
And by dividing ſ- y theſe Mo- 


locity ot B after Reflection. O. E. J. 


| — Newt. Algebra. Pag. 91. 
obl. 12 


N. B. 3 that the 
Body A, whether it 7 B, ot 


meets it, may loſe all its Motion, or 


may be driven back the contrary to 
chat ĩt moved before they met, Where- 
fore in this Eaſe the Quantity 
Aa E 2Bb — Ba p 

a by which the Ve- 

A 

locity after Reflection is ed, 
will either become Nothing (the Ne- 


gative and Poſitive Terms deſtroying 


one another) or Negative, So like- 
wiſe it may happen, that when the 


. 


their ies, we ſhall have x 


- (the 


| Meeting, either reſt, or go on to be 


moved the contrary way to that A 
was moved in, dies Bats met; 
and then the Quantity by which the 
| Velocity is expreſſed, will either be 
| Nothing, or (as at firſt) Negative, 

But if it be driven back the fame 
way that A was moved in at firſt, 

the — by which the Velocity 
| is expreſſed, will be poſitive. For 
ſince the Velocity that way which A 
| was at firſt moved ins is expreſſed 

by the Sign 4 tis » that 
| the Velocity the contrary way, ought 
to be expreſſed by the contrary Sign 
— throughout the whole Computz- 
don. 


From theſe general tities now 
| found, by which the Velocities of 
the Bodies A and B are expreſſed, it 
is gafy to deduce the Laws of Moti- 
on which are obſerved. by any per- 
fectly Elaſtick Bodies after Reflecti- 
on, in any given Caſe whatſover. 
For Example. 
1. If oy — & two Bodies 
meeti 0 > reciprocall 
as ther Weights, in this Cale 
will be Aa = Bb, and therefore the 
| Quantity by which the Velocity of A 


is expreſſed, = 


. „will 80 back with the 


elocity. with which they met each 
ty they 


2. If A ſtrikes againſt B, when it 
s at reſt, the Velocity of A will be 
( anuity B, conſequently 
— 3 Bb, c. vaniſhing) = 
— — 2 m 2 
T the Velocity of B wil] 
2 A2 a A 
. That is, as the Sum 


of their Bodies is to their Difference; 


ſo is the Velocity of the Body A be- 


fore Reflection, to its Velocity af. 
ter Reflection. And as the Sum of 
the Bodies, to double the impelling 

y> ſo is the Velocity of A be- 


fore Reflection, to the Velocity of 
Reflection. 


B after 


1 
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and not as it moved before it communicated any of its 


Motion; becauſe the Manner in which any Thing ought 


it has this very Moment, 


DEMON ST. 


The ſirſt part is evident from Prop. 
a5. Book Pf El The 22 
Part may be demonſtrated thus. Let 
M be a mean proportional between 
A and C: then M = AC. Now 
if M and B be equal, it is B 
I = 2 Mor2 B. But if there be 


any difference between M and B, let 
that Difference be D ; and it will be 
M FT B + LE. | 

9 M D - * 


M 
But M D greater than 
2M as is evident by multiplying 


each of them by M += D and com- 


to continue to exiſt, and * e- it ſelf, is that which 


not that which it had ſome 


E 2 Time 


c. Q. E. D. k 
(6.) Let there be three Elaſtick 
Bodies, as mentioned in the Lemma, 
A, B, C, and let A ſtrike againſt B 
at reſt, and after that, let B ſtrike 
rr I ſay, that by 
Means, the Body C will acquire 
| mary Velocity, than if it had bee: 
immediately by A alone, with- 
out the Interpoſition of B; and that 
it then acquires the greateſt Velocity, 
when B is a mean Proportional be- 
tween A and C. (And the fame 
bolds true, if the Motion beging 
with the Body C.) 
For by the Second Law, explained 
above, the Velocity of C, if it were 
impelled by A only, and the Body B 


hot between them, will * 2 


+ A+C 
4A = 
2A +2C And by the fants 


by the Body B with that Motion 
which was given it by A will be 
a GAR 

A+C+5+AC which two 


B. 
Fractions, becauſe they have the ſame 
common Numerator (4 A a) are to 
one another as their Denominators 
inveriely. Wherefore the Velocity o 
C in the firſt Caſe, is to its Velocity 
in the Second, as A 4.C 4B + 


_ w2A42C. But (by the 


Lemma) B + 5 is lels than 


and C are in gontinual Proportion, 
Therefore A + C ＋ B + >< 
is leſs than 2 A ++ 2 C. Thar is, the 
velocity of C, in the firſt Caſe, is leſs 
— its Velocity in the - wa — 
Inequality 1s ret, W 
A, Band C, are in —— Propor- 
tion. If the Motion begins at the 
Body C, then if c repreſents its Ce- 
lerity, and be ſubſtituted in the Room 
of a, the Demonſtration will be the 
lame. 7-The 
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Time before, but has not now. - Wherefore a Body which 
has loſt ſome of its Motion, by meeting Another, ma 
loſe more of it by a ſecond Meeting, or a Third, and 
2 till at laſt it may be quite ſtopped, as we often 
8. That 8. From what has been ſaid, it follows firſt, that if two 
greater Be like and unequal Bodies, be moved in a ſtreight Line with 


— the ſame Celerity, 1 zhe greater Body ought to move longer 


er than lee than the leſſer, becauſe, the Quantity of Motion in each 


3 


e, of theſe Bodies, is in proportion to their Maſſes, but they 
communicate and loſe their Motion in proportion to their 
Superficies only, with which they ſtrike againſt other Bo- 
dies, amongſt which they are moved; now though the 
bigger Body has more Superficies than the Leſſer, yet it 
has not ſo much in proportion to its Bulk, and conſequent- 

- ly it does not loſe every Moment fo much of its 

| as the leſſer one does. | . 

„ 9. One Inſtance will make this clear. Suppoſe the Bo- 
1 le 0 00 $0 ORSIne Port ovary Way, and the Body 
Tab. I. Fig. j. B, a Cube of one Foot; which being ſuppoſed, the Su- 

perficies of the Body A will be four times as much as the 

u cies of the Body B. but the Maſs of it, will be 
eight times as big: And conſequently, if theſe Bodies move 
with the ſame Celerity, the Body A will have eight times 


7. The more Bodies there are of „ 2 Aa Bb Z Ab 
2a — 7 rn an | the Quantity — = n 1 
two Bodies, ſo much the greater wi 3 through 
the Velocity of the Laſt be: And it *. — —— — 5 the ſame 
will be the greateſt of all, if che Bo- | J. 1 meeting. 
dies be in a continued Proportion. 4 Aa + 2Bb -A 
This eafily follows from pre- | be ſubſtrafted —— * 
9 ed Ack Bodies receds which expreſſes the Space run through 
from each other after Reflection, with by 22 A inthe A 
the ſame relative Velocity, that they * tk —_— * 


2 each other with before 
ection; that is, in any given A+B , 
Time, the Diſtance between the two | give the Diſtance of the two Bodies 
Bodies before, and after their meet- f at the End of the given Time after 
ing, will be the ſame at the End of Reflection. 
that time. For the diſtance of the | And by the like Reaſoning other 
Bodies in any given time, before they | Laws . 
meet, may be expreſſed by a b: I. The greater Body onght to move 
viz. the ſame —_— by which longer) Ir 1s to be ed, that this 
the Difference of their Velocities, if | is ſaid of Similar, that is, homogene- 
they be moved the ſame way, or the | os Bodies. Otherwiſe we are to un- 
Sum of their Velocities if they be | deſtand by it, not the Greateſt, but 
moved different Ways, is repreſented: | the heavieſt Body: For the Motion 
Alſo the Spaces which they deſcribe | of Bodies that have the ſame Celeri- 
 Cparately, in a given Time, after Re- | cy, is not as the Maſſes of thoſe Bo- 
flection, may be expreſſed by the | dies, but as the Weights of them, 
fame Quantities, by which their Celeri- | See the Notes Chap. x. Art. 8. 
ties Te exprelied ; wherefore, if {om | * | 


L 
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as much Motion as the Body B; fo that it ought to loſe 
eight times as much every Moment, in order for them 
to ceaſe But this cannot be, becauſe the Body 
A, having but four times as much Superficies as the other, 
can meet with but four times as many Bodies, and not 
with eight times as many; wherefore the Body A will 
move pretty quick, when the Body B will have no Mo- 
tion at all, as 1s confirmed by Experience ; for if a Bullet 
and a ſmall Shot come at the fame time out of a Gun, 
the Bullet will be carried vaſtiy further than the ſmall Shot. 

10. Secondly, Hence it follows alſo, That a long Boa, 10. That 4 

h as an Arrow, will continue to move longer, when it is —— 
ſhot lengthwiſe, than it would do if it went croſowiſe, for langer, when 
57 meets with fewer — to — bag Motion to, # 5 + Hong 

therefore it keeps the more to it ſelf. * ge 

11. Thirdly, If a Body moves almoſt wholly within it ſolf,f0 utter. 
as to transfer very little of its Motion to the Bodies that ſur- . 7%: 
round it, it ought to continue moving longeſt of all : Thus _ almoſt 
we find by experience, that a ſmooth well poliſhed Braſs within it fel 
Ball, of half a Foot Diameter, ſupported by two Pivots, s i cn 
will, with a ſmall Stroke continue to run round for three Anion long. 
or four Hours. ef of all. 

12. But becauſe a Body cannot fo transfer its Motion to 12. Hw « 
another as not to partake with that Body to which it is fg m0, 
transferred, but will retain ſome to it ſelf, though it be %% 4 
never ſo little; therefore it ſhould ſeem that a Body once Raf. 
in Motion, 1 ſhould never afterwards be entirely at reſt, 
which is contrary to Experience. But we ought to con- 
fider,-that two Bodies which have but very little Motion, 
may be ſo connected and adjuſted to each other, as to 
be in a manner at Reſt, which is all that Experience 
ſhows us. 

13. Becauſe the World is full, a Body moving in a 13. 7 « 
ſtreight Line, muſt of neceſſity puſh another, and that a 3-9 i» 4- 
Third, but it ought not to go on thus infinitely ; for ſome — — 
of thoſe which are thus puſhed, will be forced to turn out Bodies run 
of the Way, in order to take the Place of that which was , cn i 
firſt moved, that being the only Place where they can 17, Place. . 
lar is free for them: Wherefore when an 

ody is moved, 2 a certain Quantity of Matter muſt al 


1. Should never afterwards be en- | becauſe the World is full, but becauſe 
tirely at Reft) This is falſe, becauſe | the State of the Air, and other Flu- 
built upon a falſe Foundation, viz. | ids in which Bodies are moved, is 
that Motion cannot be deſtroyed. See | ſuch, that when any Body is moved 
_ _ ne, op: 22 Jo 2 fd Place, theſe, by reaſon of 

A certain Quantity of Matter) | their Fluidity, i i run into 
This is for the moſt parc true, not I its Place. hs | . 


E 3 ways 


| 
| 
| 
| 
| 
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ways neceſſarily be moved in the Form of a Ring or a 


Circle, or ſome way equivalent thereto. 
14. This Truth, it was known long ago, yet 
Philoſophers, for want of duly attending to it, and well 
weighing and conſidering its Cond uences, have _—_ 
it impoſſible to account for all the Motions we ſee in Na- 
ture by Impulſe alone, which is the only way that we 
Can conceive _—_— by which one Body moves [another 
by puſhing it; and which fo naturally follows from the 
Impenetrability of Matter, which all the World agree in. 
And this is the Reaſon why they introduced into their 
Philoſophy Things, indeed very ſpecious, ſuch as Attra- 


ction, Sympathy, Antipathy, the Fear of a Vacuum, &c. 


but which, at the Bottom, are mere Chimera's, invent- 
ed to make them a to give a Reaſon of that which 
did not all underſtand,' and therefore ought not to 

be uſed in the better fort of Natural Philoſophy. 
15. For as to 1 Attradtion, Sympathy, and duty, 
they ought not to be allowed at all, by reaſon _ 


| 1. Atrractim) Since nothing acts 


* eat part of the Phano- 
at a Diſtance, that is, nothing can | ca of — ans, 


exert any Force in acting where it is 
not; it is evident, that Bodies (if 


- we would ſpeak properly) cannot at 


all move one another, bur by Con- 
tact and Impulſe. Wherefore At- 
traction and Sympathy and all occalt 
SValities, which are ſuppoſed to a- 
riſefrom the Specifick Forms of Things 
are juſtly to be rejected. Yer becaule, 
beſides ĩnnumerable other Pha nome- 
na of Nature, that univerſal Gravita- 
tion of Matter, which ſhall be more 
fully handled afterwards, can by no 
means ariſe from the mutual Im 
of Bodies (becauſe all Impulſe muſt 
be in proportion to the Superficies, 
but Gravity is always in proportion 
to the Quantity of ſolid Matter, and 
therefore muſt of Neceſſity be afcri- 
bed ro ſome Cauſe that penetrates the 
inward Subſtance it ſelf of fo- 
lid Matter) therefore all ſuch Attra- 
&ion, is by all means to be allowed, 
as is not the Action of Matter at a 
Diſtance, but the Action of ſome 
immaterial Cauſe which perpetually 
moves and governs Matter by certain 
Laws. Have not the ſmall Particles 
of Bodies certain Powers, Virtnes or 
orces, by which they att at a diſtance, 
wot only pom the Rays of Light for 
edting, refrading and inflecting 
» but alſo pen one another for 


that Bodies act one upon another by 
the Attractions of — Magne- 
tiſm and Electricity; theſe In- 
ances ſhew the Tenour and 7 of 
Natwre, and make it not i ab 
but that there may be more Attra- 
ctive Powers than theſe. How theſe 
Attractions may be AS J 40 
— — — : Fl call — 
traction Im 
(not Bodily Im ulſe) or by ſome o- 
ther Means wn to me. TI uſe 


that Word here, to ſignify only in ge- 
neral any Force og br Bodies 
tend towards one another, whatſoever 
be the Canſe. For we mit learn 
from the Phenomena of Nature, what 
Bodies attract one another, and what 
are the Laws and Properties of the 
Attraction, before we inquire the 
Canſe by which the Attraction 5s 

ormed, The Attractions of Gra- 
vity, Magnetiſm and Electricity reach 
to =y 7 Diſtances, and ſo have 
been obſerved by wnlg ar Eyes; and there 

be others, which reach to ſo ſmall 
Diſtances as hitherto eſcape Obſerva- 


tion ; and perhaps electrical Attracti- 


on may reach to ſuch ſmall Diſtan- 

Steal bats excited by 

p. 350. 

It ſeems to me farther, that theſe 

Particles (of Matter) have not 2 
4 


ces. even 
Friction. Newt. Opt. 
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tations, if we ſhould ſi 
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Obſcurity. That they are obſcure, is very 
# we ak 


/ 


evident ; for 


a Loadſtone; for Example, It is manifeſt to all 


the World, that to ſay it has an attradi 
Sympathy with the Iron, does not at 


Vertue Or 4 
explain the Na- 


ture or the Properties of it. And as to the Fear of a Va- 


cuum, 


I reſerve the Notion of That to the 


Chapter, where we ſhall compare the Reaſoning of the 
Ancients and our own together. | | 


2 vis Inertiæ, with ſuch 
paſſive Laws of Motion, as naturally 
reſult from that Force; but alſo that 
are moved by certain active 
Principles, ſuch as is that (Attra- 
&ion which we call the Attraction) 
7 Gravity, and that with cauſes 
ermentation, and the Coheſion of 
Bodies. Theſe Principles I conſider 
not as occult Qualities ſuppoſed to re- 
ſult from the Specitick Forms of 
Things, but as 9 Laws of Na- 
ture, by which the Things themſelves 
are formed : Their Truth appeari 
to us by Phenomena thongh their 
Canſes be not yet diſcovered, For 
theſe are manifeſt Qualities, and their 
Cauſes only are occult. And the 
Ariſtotelians gave the Name of oc- 
cult Qualities not to manifeſt Qualities, 
but ro ſuch Qualities only as they 
ſuppoſed to lie hid in Bodies, and to 
be the unknown Canſes of manifeſt 
eds + Such as would be the Canſes 


Gravi , and >, and 
eledrick A. yy of Fermen- 
e that theſe | 

Forces or Action: . 
Bitiezs unknown to us, and uncapable 


ing di 4 and mad [- 
Yo. ba A or « 


Rus the — natural 
} , therefore of late Tears 
have 12 oo 


rejected. Tv tell us that 
wich nn occult $ Quality by 


Species of Things is endowed 
which it as produces manifeſt 


Effects, is to tell us nothing. Bat 
to derive two or three general 
ciples of Motion from Phanomena, and 
afterwards to tell as how the Pro- 
perties and Actions of all corporeal 
Things follow from thoſe manifeſt 
Principles, would be a very great Step 
in Philoſophy; thongh the Canſes of 
thoſe Principles were not yet diſcover- 
ed: And therefore I ſcruple not to 
propoſe the Principles of Motion a= 
mentioned, they being very 
eneral Extent, and leave their Cam- 
e to be found ont. Id. Ibid. 
P. 374 
Ve have the — 1 the 
oldeſt and moſt celebrated Phi s 
of Greece and Phoenicia, who made 
a Vacuum and Atoms, and the Gra- 
vity of Atoms, the firſt — — 
of their Philoſophy ; tacitly attriba - 
ting Gravity to ſome other Cas ſ than 
denſe Matter. Later Philoſaphers 
baniſh the Conſiderations of ſuch 4 
Canſe ont of natural Philoſophy, feign- 
ing Hypotheſes for explaining all s 
mechanically, referring other Canſes 
to Metaphyſicks, Whereas the main 
Buſineſs of Natmral Philoſophy is to 
argue from Phenomena without fei 
ing 3 and te deduce Canſes 
rom Effects, till we come to the very 
Firſt Canſe, which certainly is not 
Mechanical, and not only to wafold 
the Mechaniſm of the World, but 
chiefly #0 reſolve Theſe and ſuch lite 


Queſtions, &c, Id. Ibid, p. 343+ 


CHAP. 
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CHAP. XII. 


f ſuch Motions as are commonly aſcribed ro the Fear 
f 4 Vacuum. 


- 


1. What was SS is no Subject more capable of ſhowing us 
originally + the Difference betwixt true falſe Philoſophy, or 
ones - at leaſt betwixt Reaſoning juſtly and not juſtly, than this 
Vacuum. For we ſee manifeſtly, that the one leads us, if not to 
the Truth, yet to fo great an Appearance of Truth, that 
the Mind acquieſces in it; but the other gives us only 
Words, which we can form no Idea's from. For Proof 
of This, Let us take for inſtance a Syringe, one End of 
which being put into the Water, and the Sucker drawn, 
let us hear how the Antients reaſoned about it. Firſt, They 
obſerved, that there could be no Vacuum in Nature; then they 


conſidered, that there would be one, if the Sucker were 


drawn, and no Water followed; whence they concluded, 

that the Water ought to enter in proportion to the draw- 

ing the Sucker; and hence they fad the Water aſcended, 
there ſhould be a Vacuum. 

2. How the 2. Afterwards, the Manner of the Expreſſion was chang- 
Senſe of this ed, without altering the Notion, and it was faid, that 
raped, Water aſcended, for fear there ſhould be a Vacuum in 

Nature: And this Expreſſion being equivocal, it was ta- 
ken in a bad Senſe, and as it is c ary to carry Things 
to Extremity, the Word Fear was changed tq Horrour; 
ſo that it was affirmed, that the Water aſcended, out of 
the Horrour which Nature had of a Vacuum, as if Nature 
(in the Senſe that Philoſophers underſtand that Word) was 
capable of Horrour. - di 
3. The Fear of a Vacuum in this latter Senſe, is very 
ridiculous, wherefore I am apt to think that the Philoſophers 
took it in the former Senſe only: But which way fo ever 
it be underſtood, it does by no means anſwer the Que- 
ſtion; any more than it would, if any one ſhould ask, how 
ood came from very remote Parts to Paris, and it 
ſhould be anſwered, it came out of the Fear of Cold; this 
is no anſwer to the Queſtion, becauſe the final Cauſe is 
aledged inſtead of the ne Cui, which yas the Thing 


4 How: 


— 


rt I, 
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not ſufficient- 


it ſhould e, ar leaſt, that it ought ro aſcend ; and ly agree with 
their Reaſoning ſhould agree with Experience. And that Experience. 
you may ſee that it is defective here alſo, it is to be ob- 

ſerved, that if the ſole Reaſon, why any Space is filled, 

is for Far there ſhould be any Vacuum in Nature, and 

this makes the Water aſcend; as this Reaſon is always 

the fame, it will follow, that the 'Water ought always 

to aſcend, ſo ” the Sucker _y the Nau pr _ 

ing. be it never ſo long; . now | ong 
Springs they ought to raiſe up Water to any Height 
whatſoever; yet Experience ſhews us, that we cannot 

Pumps, raiſe it above One and thirty Foot and a halt, 

after which, the Water ſtops, and will not follow the 

Sucker. Whence we ought to conclude, that e fear of 

4 Vacuum, taken in the moſt favourable Senſe poſſible, 

is not at all the Cauſe of the Waters aſcending, fince it 

does not agree with Experience. | 

5. Having ſeen the Defect of the Reaſoning of the 5. one 
Antients, let us ſee if we can fay any Thing better found- 2 
ed. And that I may not be guilty of the fame Fault, I this anorber 
ſhall offer ſome Particulars, which are very clear and . 
intelligible to all the World, in order to draw ſome cer- 
tain and undoubted Conſequences from a Foundation 
which cannot be conteſtec. 

6. Let us ſuppoſe firſt, That ſome Body endeavours: 6. 257.67 
to draw the Sucker from the Bottom of the Syri 
ABC, the Hollow of which it exactly fits, that the wh 
Syringe is in the Air, and that the Hole C is open: This 
being ſuppoled, it is evident, that the Sucker D cannor 
be drawn towards E, but it will puſh the Air, which will 
puſh that beyond it, till, as was ſaid above, it turns in 
the Lines here deſcribed, or ſome ſuch like, in order to 
enter into the Place from whence the Sucker was drawn; 
whence it follows, that the Air was moved by a real 
Impulſe. 

7. Let us ſuppoſe Secondly, That the Hole at C, 7: Th Second 
were ſtopped, and that there were no Pores either in * 
the Syringe or the Sucker; In this Caſe, I fay, * it would 


1. It wonld be impoſſible) This |. Sucker, as can lift the whole Weight 
would indeed be true, it the World | of the incumbent Air. Nor need 
were full: But becauſe we have af | we here trouble our ſelyes with any 
firmed it to be otherwiſe ; ſo much | occult Pores gr Hibtile Matter, 
Force only is required to draw the 1 


N 
N 
1 
| 
1 
[ 
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\ 
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be impoſſible to draw the Sucker, the leaſt that can be, 
becauſe the World being full, rhe Air which ought to 
puſn the Sucker, would have no Place to go to. 
8. The Thins 8. On the other hand, Let us ſuppoſe, that the Syringe 
Soppefition. thus ſtopped, has Pores, though ſo very ſmall, as not to 
| be perceived by our Senſes, and that amongſt the Particles 
of the Air, there are ſome fo ſubtle, as to be able to en- 
ter theſe Pores. This being ſuppoſed, there is no Reaſon 
why the Sucker may not be drawn, though the Hole at 
the Bottom of the Syringe be ſtopped : For then the Suck- 
er may make Room for it ſelf, by preſſing the groſſer 
of the Air, and by ſqueezing out the e Parts, 
are forced to enter the Syringe. | 
9. That the 9. In order to know whether the Sucker of the Syringe 
Scene cam be drawn when the Hole at the lower End is 
245 have ; we muſt firſt know, whether the Syringe or 
Teras and Sucker have any Pores in them or no, and after that, whe- 
£560: Fw, ther there be any Particles in the Air ſubtil enough to 
Sorts Par- enter in at theſe Pores: For according to one or other of 
_ theſe Suppoſitions, will the Thing be poſſible or not poſ- 
| ſible. d becauſe neither of them can be determined 
by our Senſes or by Reaſon, and there being no Contra- 
dition in either, it muſt be decided by Experience; now 
we find by Experience, that 1 if the Syringe he not too 


thick, we can draw the Sucker without much Difficulty ; 


from whence it is evident, that there are Pores either in 
the Syringe, or in the Sucker, or rather in both of them ; 
and that amongſt the groſs of the Air, there are ſome 
ſo fine, as to pals th the Pores of moſt terreſtrial 


10. Another 10. This Experiment helps us to another very conſide- 
1 rable, which is, that if, ther we have drawn the Sucker 
ment; and A little, we let it go again, it returns of it ſelf, and that 
that the Air with ſuch a Force, as to ſtrike againſt the Bottom of the 
& weg595- Syringe; the Reaſon of which we ſhall ſee, if we remem- 

har thee. © Bod never begins to move of it ſelf, if it be 
not puſhed by another which immediately touches it; 
now, if we obſerve, that there is nothing but the Air, 
that immediately touches the Sucker, we muſt think that 
it is the Air that cauſes this ſuprizing Motion; for, con- 


The Thickneſs of the Syringe figni- | quently ſo much a heavier Column 
Ges nothing (nor the occult es, } of Air muſt it ſuſtain, But the Au- 
nor the ſubtle Matter, as was faid'on | thor may be excuſed, if he means 
the Article above;) but the Thickneſs | the Bigneſs of the whole Syringe. 
& the Sucker; which the greater it 3 


1. If the Syringe be not too thick) J is, ſo much a Greater, and conſe- 


FSA og 2 
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which though they-be ſepara 
perſed, yet 322 loſe any of their Weight; thoug 


do not 
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that the Air always contains in it a great Quanti- 
e Particles of Water, and other terreſtrial Bodies, 


nor in what its Weight conſiſts; we ſhall make no Dif- 
ficulty to aſſert, that the groſſer Air is heavy, and conſe- 
quently, that by its Weight, the Sucker is forced into the 


Syringe, 


chiefly downwa 


may alſo preſs upwards, and force the Sucker of the in- „fr 
verted Syringe up into the Syfinge 


from whence it ſqueezes out the ſubtil Matter 
thoſe Pores which it ſelf entered in at. 


11. But though the Air by its own Weight, preſſes 11. 
= yet this does not hinder, but that it 2 


59 
ted from each other and diſ- 
h we 
y underſtand the particular Nature of the Air, 
11. That the 


Air which anſwers to the Bottom of the Sucker, is for- 
ced upwards by the Weight of thoſe Columns of Air 
which are on the Sides, in the fame manner as the Water 
which is at the Bottom of a heavy laden Boat, is preſſed up- 


wards 


againſt the Bottom which reſiſts it, by 


the Weight of 


the Water which is of conſiderable Height round the Sides. 


12. When we once underſtand this Force of rhe Air to 22 gms 


the Weight of 


is upwards, we ſhall not at all wonder, that when we 
oy out our Hand flat in the Air, we do not feel the 


preſſed downwards, by the Weight of the Column of Air 


which is upon 


it: For this Column has no more Force to 


— it downwards, than the Column which is underneath 
9 


to preſs it upwards. 
1 va 


the Preſſure which is made all over the Body, 13. u we 
do uot feel tha 


when it is immerſed in a heavy Liquid; it is certain, that 
155 . not to perceive it, * though the Weight of the 


1. Thongh the Weight of the Liquid 
be very great) The Cauſe of this is 
excellently well explained by Fo. 
Ab. Borellns, de Motibus Nat. a 
Gravitate fattis, prop. 29. & ſeq 


After he had ſhown, that Sand in a fe 


very ſtrong Veſſel, cannot any wa 
be diviged, and that a Wedge wi 
by no means enter into it; and alſo 
that Water in a Bladder, equally com- 
eſſed on all Sides, can neither be 
eightened nor bent. nor at all mo- 
ved : Solikewiſe, ſays he, in the Bo- 
dy of an Animal, there is contained 
within the Fein, ſome Parts, which 
«rt hard and ſolid, ſuch as the Bones ; 
"ther; that are ſoft, ſuch as the Ten- 


dons, Nerves, Membranes and Muſ- 
cles ; and others that are Fluid, Wa- 
try or Oily, Now the Bones in an 
Animal cannot be broken or disjoint- 
ed, rnleſs the incumbent Weight preſ- 
es one way only, as it does on Porters: 
Bat if the Preſſure diffuſes it ſelf all 
round, ſo as 70 preſs mpwards and 
downwards, and ſide ways, with equal 
Force, ſo that there be no part of the Shin 
but what Spree then it is impoſſible, 
that any Thing ſhould be ſeparated ar 
put ont of the Way. The ſame may be 
ſaid of the Nerves and Muſcles, which 
thong h they be ſoft, yet becanſe they con- 
fiſt of firong tong h Fibres, they ca 
all ſupport one another, and reſiſt an u 
* wiverſaly 


for the Column of wards. 


the incam- 


Weight of it; that is, we do nor perceive our Hand bent Air. 


Preſſure of 

he Air, and 

be very great, any more than we do the Preſſure a6 iy Bi. 
> © 2 


ght may 


Weight of (he 


I} air. 


2 
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of the Water, when in diving into the Sea, there are ma- 
ny Fathom of it over our Heads. The Reaſon of which 
is, that before we can feel the Weight of any Body, there 
muſt be ſome Alteration made in the Diſpoſition of our 
Organs. But when the Air or Water have made all the 
Eflorts they are capable of, to preſs or thruſt inwards the 
external and groſſer Parts of our Body, and theſe Forces 
are counterballanced and put in æquilibrio, by the Reſiſt- 
ance and Effort of the Fluids and moveable Parts within 
us, the Action of which we are inſenſible of; after this, 
I fay, they can do no more, and conſequently the State 
of our Body will not be changed, nor the Diſpoſition of 
its Organs, to which they are ſo uniformly applied, and 
with ſuch equal Forces, that no one ſingle Part can move 
outwards, to give way for any other to be thruſt inwards; 
and therefore the Effort which they continually make to 


5 . 


preſs us inward, is rendred ineffectual. 


} . 
niverſally diffuſed ſpherical Compreſ- 
2 be ſaid of the 
Blood and other Humonrs of an Ani- 
mal, which are of a watry Nature; 
for, as it is evident, that Water can- 
not be condenſed, ſo likewiſe the Ha- 
mexrs of an Animal, contained in the 
Cavities of its Veſſels, though they 
may be brwmiſed by an e made 
one or a few particular Places, 

Jet they can never be forced out of 
their Veſſels, or torn aſunder by an 
aniverſal Compreſſion Way. So 
long therefore as the Soli 
er Fleſhy, or Liquid Parts, do not 
undergo any Separation, Contnſion, 
wor are dixjointed, nor their Situati- 
on at all changed; it is i ible, 
that any Pain or Uneaſineſs 4 
follow in the Animal, which cannot 
ariſe from any other Canſe, bat ſep a- 
rating that which is one continued 
Thing. Wherefore when Divers, &c. 
And this is confirmed by what 
the famous Mr. Boyie obſerved, in 
Lis Second Appendix to the Eleventh 
89 Paradox, viz. that a 
adpole, an Animal whoſe Fleſh is 
du," # tender and ſoft, into a 
Vellel half full of Water, fo cloſed 
up, that the Air contained in it, 
being condenſed eight times as much 
as in its natural State, preſſed upon 
the Water as much, as if a Column 
of Water of Three hundred Feet in 
Height laid upon the Animal; mo- 
ved ir ſelf notwit ing, and 
Fram about very quick, and found 


Tendinons, Tt 


no ee that could be per- 
ceived. 4 

However, becauſe in moſt Ani- 
mals there is a great deal of Air, 
which may eaſily be compreſſed and 
condenſed ; therefore, though no par- 
ticular Member is disjointed, w 
an Animal is immerſed very d 
in Water, aq they mult all of them 
neceſlarily be ſtreightned and con- 
tracted, by the equal Weight and 
Preſſure of the incumbent Water on 
- — as the 2 Mr. Boyle 
ays, happened to the e in the 
1 — 8 | 

Beſides, thoſe Animals, whoſe 
Lungs are fo formed as to contain 
a great deal of thin Air and Breath 
in them, the other Parts of 
them be not at all hurt, yet their 
Breaſts muſt of neceſſity be ſtreight- 
ned and contracted, in the ſame 
manner, as the Cork is uſually thruſt 
into an empty Bottle, by the Weight 
of the Water, when it is ſunk very 
deep. Therefore Men, whoſe Lungs 
are very large, when _ dive very 
deep into the Sea, though they find 
no manner of Inconvenience in any 
other Part of their Bodies, yet they 
labour under a Difficulty of Breath- 
„„ a Pain in their Breaſt, 
(though they have Air enough con- 
veyed to them to breathe.) And thus 
the famous Mr. Boyle us of a 


certain Diver, that when he walked 
at the Bottom of the Sea, the Blood 
flew out at bis Noſe and Eyes. | 


14. Let 
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14. Let us, in the fourth Place, Suppoſe the Sucker 14-Hew the 
which is in the Syringe, as far as it can be thruſt, to be n ie, 
drawn when the Hole C at the Bottom is in the Water; the Hringe. 
it ſhould ſeem as if — Air which the ** — 

drawn preſſes upon, ought to preſs upon the W ater, 

make it to riſe in the Syringe, becauſe it overtakes it, in 
the way which we ſuppoſed it to go, in order for it ſelf to 
enter in, if the End of the Syringe had been in the Air, 


and not in the Water, and that it ought to aſcend as far as 


the Sucker is drawn. But there is no Neceſſity that this 
ſhould always happen; For having made it appear, that 
both the Syringe and the Sucker are full of Pores, and 
that the Airis full of Matter, ſubtle h to paſs through 
them; and alſo that the Water, by — of its Weight 
aſcends with greater Difficulty; the Sucker may poſſibl 

be drawn, and the Water not neceſſarily aſcend, to fi 

the Syringe, becauſe it was filled before with that ſubtil 
Matter, intermixed with the Air. However, Experience 
ſhows us, that the Water does aſcend, and that the Sy- 
ringe is filled with it, and not with the ſubtle Matter, 
at leaſt to the Height of One and thirty Foot and a half, 
but no further. Reafon of which is, that the Air 
being heavy, preſſes upon the, whole Superficies of the 


- Water in which the End of the Syringe is immerſed ; 


and when the Sucker is drawn, the Water which anſwers 

to the Hole in the End, not being preſſed by the incum- 

bent Air, the Weight of that which preſſes upon the reſt 

of the Surface, thruſts it up, and makes it aſcend in the Sy- 

ringe ; inthe ſame manner, as the Water in a Pail is made 

to aſcend up a Trunk, ſuch as they ſhoot with, open at 

8 one rs me in 4 Hole in 2 29 — 

which exa ts the w cies; u epreſſi 

a Nee 

the Moving of the Sucker, is the general Cauſe of the 

Entrance of ſome Matter into the Place which it leaves; % 71 f 

but the Weight of the Air determines the particular Water in 

Matter. | Hinge onght 
I5. Since we find by Experience, that the Sucker of + veg 

2 Syringe may be drawn, when the Hole at the End is Height, and 

ſtopped, this is ſufficient to convince us, that the groſſer 14 3 

Air is not of an infinite Weight; for if it was, it would weighs as 

be impoſſible to draw it; which being ſo, it is eaſy to foreſee, 71h as « 

chat the Air by its Weight cannot raiſe the Water in a Sy- 5971, 

ringe above a determinate Height; ſo that if, after this Fot and 4 

Height, we continue todraw the Sucker, the Syringe,inſtead 5 7 1 

of being flled with Water will be filled with ſubtle Matter, as Ti. © 

| - Was 
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was before obſerved in Pumps: And ſince the Water alway 
riſes to about the Height of Thirty one Foot and a half 
above the Level in which the End of the Pumps is im. 
merſed, we ought to conclude, that a Column of Water 
of this _— weighs as much as a Column of Air of 
| equal Thic which reaches to the upper Surface where 
| the groſſer Air terminates. - | 
rs. That we 16. If the Sucker of the Syringe flips very eaſily 4 
onght wr Oy gainſt the concave Surface, againſt which it rubs, and if 
Had, of it had no Weight at all, the Air would very eaſily be 
ihe Air that drawn in, becauſe there is juſt as much Force to thruſt 
__—_ it u , 28 there is Weight upon the Sucker to thruſt 
but weonghe it downwards: But if Water or any other heavy Liquor 
te perceivs jg to be raiſed; there muſt then be as much Force uſed, 
fa. as is equal to the Weight of the Liquor to be raiſed; 
becauſe the Liquor, tending downward, bears upon the 
Air, which es againſt the Bottom of the Sucker, 
” per ſo much of the Foree it had to make it 
e. 
17. When « 17. There may be many Conſequences drawn from 
2008 ahh been faid of the Syringe, which if they be a. 
ought to ble to Experience, are ſo many Confirmations of the 
empty it ſelf. Truth of our Explication. For Proof hereof, let us ſup- 
po for Example, that after having filled a Tube with 
ater, one End of which is ſtopped with the Matter 
with which it is made (which they call hermetically ſeal: 
ed) and the other, with the End of one's Finger, 2 
the End of the Tube which is ſtopped with our Fin- 
ger into a Veſſel of Water, and then take our Finger 
away; This being ſuppoſed, if we conſider that the Air, 
which preſſes upon the Water in the Veſſel, reſiſts the 
deſcent of that which is in the Tube, we ſhall foreſee, 
that if the Tube be not above One and thirty Foot and 
a half long, it will not empty it (elf at all; but if it be 
longer, the Water ought to deſcend till there is One and 
thirty Foot and a half in the Tube, and then ſtop, be- 
cauſe the Air has only Force enough to counterpoiſe ſuch 
a Quantity : And this is _ to Experience. 
16. That n 18. We here ſuppoſe, that the Tube, which is above 
inclined Tube Thirty one Foot and a half long is held upright, and does 
ef more not. incline one way or the other: For if it inclines any 
i — the concaye Surface of the Tube 
an 272% ſuſtains part of the Weight of the Water, for that Rea- 
ſon, the Water will not have ſo much Force to deſcend 
as it has ordinarily, and ſo the Air is able 
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the Tube; that is to ſay, according to the Laws of Me- 
chanicks, if the Water in the inclined Tube begins to de- 
Icend, it will ſtop, when the upper Surface of it, is One 
and thirty Foot and a half perpendicularly above the Su- 
perficies of the Water in the Veſſel; and fo we find it 
does 


19. And it is remarkable, that if we make uſe of Tubes 19. Ther the 
of different thickneſſes, and Veſſels of different breadth. — — 
there is no difference in the Height of Water contained Hag = 
in the Tubes: For ſince the Water which is in each Tube, Te, of d 

the Place of that Quantity of Air, which laid . 44 

the fame Part of the Superficies of the Water in the 
Veſſel; it cannot but be in qꝗuilibrio with the Air without, 
becauſe, it weighs juſt as much as that whoſe Place it poſ- 
ſeſſes. And thus it is in all Tubes whatſoever, the Wa- 
ter riſes to the ſame height, which we ſee by Experience 
in a particular Tube, that it ought to riſe to ; for astheſe 
different Columns of Water are of the fame height; if 
that, for Inſtance, which is four times as thick as another, 
weighs four times as much as that other ; then the Co- 
lumn of Air, the Place of which this groſs Column of 
Water poſſeſſes, weighs four times as much alſo. 

20. Neither ought we to find any difference in the Height 20. Thee 
of the Water which is in the Tube, whether the Expe- „ wil be 
riment be made in the open Air, or in a Chamber, pro- made is the 
vided there be a Window in it, or at leaſt any Chink The of the 
through which the Ar can enter; for according to the Er A 
Laws of Mechanicks, the Weight of the Air is juſt the be madein « 
ſame, whether it preſſes perpendicularly, or winding or frag. is 
oblique. | ; 21. That the 

21. Neither ought there to be any Difference in this Height of the 


Water onthe 


Height, if after the Experiment be made, the Room be , f, 
entirely cloſed up; for though the Column of Air which — — ; 


ſupported it before, by preſſing upon the Liquor in the TH which 
Veſta be now intercepted by the Ceiling, — that part — —2 
of the Column of Air which is below the Ceiling, preſſes be entirely 
as much upon this Liquor as it did, when it bore the . 
Weight of the Reſt of the Column, becauſe the Reſiſt- 
ance of the Ceiling does as it were preſs upon it, and 22. Ther the 
hinder it from expanding it ſelf. | — 
22. It is true, that if, before the Experiment be made, gb to b. 
the Chamber be fo exactly ſhut up, that the Air within en te 
has no Communication with that without, then the Li- — 
gow contained in the Tube ought not to deſcend quite ſo clſed ap le- 
3 becauſe as the Tube empties, and the Liquor in the = —— 


Veſſel riſes, the Air which is in the Chamber cannot 2 mode. 


Proportion: Conſequently” it muſt be condenſed, and 
therefore will have force enough to ſuſtain a little more 
Liquor in the Tube; but this cannot be perceived un- 
leſs it be a very little Place in which the Experiment 
z made. | | 

23- That 23. From what has been ſaid, it is eaſy to appre- 
. that if inſtead of Water, any other Liquor that is 
engh me ade heavier or lighter be uſed, there will remain more or leſs 
Tube, above Of it in the Tube; ſo that Mercury or Quickſilver, which 
= — 2 is about fourteen times as heavy as Water, ought not to 
Baches nd a be ſuſtained by the Air, but to about Seven and twenty 
baif. Inches and a half, which is very near a Fourteenth Part 
of the Height that Water is ſuſtained, and the reſt of the 
Tube, how long ſoever it be, ought to be filled with 

ſubtle Matter. And this is confirmed by Experience. 
24. That Ex- . But that the Experiments may be more ſenſible, 
— 1 the Tubes ſhould be made of Glaſs, e that is tran(- 


made with parent: And Quickſilver being ſo heavy, that we are not 
exickſiver. obliged to have ubes much longer, — Twenty ſeven 
Inches and a half, their Smalneſs makes them more eaſy 
to be managed, and to obſerve a great many particulars, 
which it would be difficult to do in Tubes that are ve- 


ry long. 
25. That 25. Firſt then, This may give Occaſion to thoſe who 
#here is n» believe the Poſlibility of a Vacuum to ebſerve ; That 


Vacuum in 


be Top of the there is no Vacuum in the Top of the Tube, but the Place 
Tubes Which is left by the Mercury, is filled by ſome Matter, 
. | becauſe the viſible Objects behind the Tube, 1 affect our 
Eyes ſtill, and are as plainly ſenſible as they were before, 
which they could not do, if there were a Vacuum; be- 
cauſe their Action would be interrupted. And if the Eye 
'were placed directly againſt the Tube, we ought not to 
ſee any more than in the Dark, or than if an opake Bo- 

„ dy were between; but we find it otherwiſe. 
26. Another 26. To this we may add, that 2 Nozhing or a Vacuum 
Proef. has no Properties, and that if we put the Top of the 


I. Aﬀet our Eyes) It don't at all j Properties) It is very true indeed, 
follow, that there is no Vacuum in | that Nothing has no Properties; Bur 
the Top of the Tube, becauſe the Space | how does it follow, that Space which 

dur of which the Quickſilver came, | is void of Matter, has therefore 
is tranſparent ; For why cannot the | Nothing in it, or is it ſelf entirely 
Rays of Light, paſs through an en- Nothing. Bur it may be allowed that 
tirely void Space ? On the other Hand, | there is {ſome finer Matter in the 
they can't poſſibly through a | Top of the Tube, or perhaps a Ilttle 
Space that is quite full: See what | Air ſlipt under the Quickſilver which 
is ſaid of the Nature of Light, in is rarefy'd by the Heat; bur the 

Its Flace. Space is very far from being full. 

3» Nothing, or a Vacuum has no | 

Tube 


— 
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Tube very near the Fire, we perceive a Rarefaction, in 
the ame manner, as in a Thermometer, which makes the 
Mercury fall, whence it follows, that there is ſome real 
Matter in it. 

27. However it is eaſy to ſee that this Space is not full 27. 7:,e che 
of common Air, for if the Tube be not quite filled with 7'? of he 
Quicklilver, but an Inch or two be left for Air, and ſtop- fal gro 
ping the End of the Tube with our Finger, it be invert- Air. 
ed; we obſerve that the Quicklilver deſcends ſlowly, and 
we have time to ſee the Air aſcend in the Form of 
Drops. Whereas let the Tube be entirely filled with 
Quickſilver, and immerſed in the other Quickſilver, that it 
may empty it ſelf in the ordinary way; then if the Tube be 
ſtopped with the Finger and inverted ; the Quickſilver will 
not fall ſlowly, but all at once, as if it. were one hard Body, 
nor ſhall we perceive any Thing to aſcend through it. 

28. For a further Confirmation of this Opinion, vix. UT 
That when the Quickſilver deſcends from the Top of the 
Tube, it is n0t filled with common groſs Air, we may obſerve ; 
that if the Top of the Tube be made large, in the Form of a 
Veſſel, and ſome Sort of Animals, as Birds 5 Rats, and Mice, be 
put into it, they will die, in a very ſhort time; that others, 
ſuch as Flies, ſeem to die, but being preſerved afterwards, 
two or three Days in a more temperate Place they revive 
and fly away; and others, ſuch as Vorms and Frogs are preſer- 
yed alive, and not hurt, unleſs they continue very long in it. 

29. It may here be demanded, how the ſubtil Mat- 29. 77ae 
ter, which the Top of the Tube, gets through: To 2 — wah 
which it may be anſwered ; that it ſeems rather to paſs ah icin the 
through the Pores of the Glaſs, than thoſe of the Quickſil- Tip of the , 
ver, becauſe the Quickſilver being very heavy, the Pores — — 
of it ſeem to be rather too ſmall for it to paſs through them: - 

Though I ſhall be of another Opinion, if what I have 

heard from England be true, viz. 1 that a Tube of fix 

Foot long, will not empty 3 at all, if the Quickſil- 
Fn yer 


I. That a Tube ſix Foot long) This beyond the forementioned Height — 
Experiment is thus related by the e 40 50, er 60 Iuches;) but if the 
famous Dr, V Vallis in his Hydro- | leaſt Air gets inte the Quickſilver 
faticks, Prop. 13. If the Quickſil- | thus ſuſpended, or if the Tube be ſha- 
ver ſuſpended in an inverted Tube. be | ken, the Quickſilver will immediately 
very exactiy cleared of all Air before | ruſh down to the nſnal Height (and 
u be inverted (which cannot be done | after ſome Reciprocations,) will ſtand 
but by great Care aud Niceneſs,) and if | fill. 

the Tube be cantionſly inverted, and Which Experiment, having been 
fixed in a firm Place ſo as not to be | often 1 by the Lord Brounłer, 
in the leaſt ſhaken, the Quickſilver | the famous Mr. Boy!, Mr. Hang ens 
(though the Orifice at the Bottom be | and others, has ſucceeded ; fo that 
wen) will remain ſnſvended, much | there is no doubt of the certain Trorh 


is 
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ver with which it is filled, 
mer ſed , have ſtood ſome 


Air; For in inquiri 
teens. we can 


and that in which it is im- 
time in @ Place void of 
into the Reaſon of this 
no. other but this, that 


.the Quickſilver thus prepared, is cleared of ſome 


of the Phznomenon ; but upon what 
Cauſes fo —— Thing depends, 
is not ſo well agreed. 

The Lord Brownker thought, that 


the VPeigbt of the Air was much 


greater than anſwers to the Height of 
about 2.9 Inches of Quickſilver, but 
that the Quickſilver was depreſſed to 
that Height, by the Air which was in- 
viſibly mixed with it (unleſi it was 
cleared of it) And after it was 
cleared of it, and there remained no- 
thing to reſiſt the V Veight of the ex- 
ternal Air, but only the bare ages 
of the Quickſitugr then it was, 

4 be 2 5 and the Quickſitver 
was ſupported to a greater Height, 
by the Ballance of the Air. This is 


indeed very ingenious ; but that which 


weakens very much this Explication, 
is, that upon the leaſt ſhaking of the 
Tube, the Quickfilver immediately 
ruſhes down: which could by no 
means be, if it were ſupported by 
an _ Weight of Air or Ether. 

herefore the famous Dr. / Vallis 
attempted the _ another way, 
He imagined, that all real Gravita- 
tion, proceeded from the Preſſure or 
Spring of the Air or «ther, without 
which thoſe inactive Bodies which 
we call heavy, if once at reſt, wonld 
remain ſo, without any real gravita- 
tion, or without deſcending, having no 
more Trudency to move downwards than 
fideways, The Quickſilver therefore, 
when it is cleared of all Air from 
within, and ſuſpended in the aforeſaid 
manner, when it is at reſt, will con- 
tinue ſo, and retain its Poſition; be- 
yond the common Height neceſſary to 
«a æquilibrium, becauſe it is free 
from all Preſſure of the Air, and 
is not preſſed upon, either by its Gra- 
vity, or by its Spring: But if it be 
put in Motion, either by any ſhaking 

the Tube, or by any Motion within, 
om the Spring of the Air which was 

at firſt left in it, or is ſince got in, then 
it will continue that Motion down- 
wvards (that way being open.) 

But ſince it is now allowed, that 
Gravity does not depend upon the 
Air or Æcher, but is an original con 

k | 


Matter 


nate and immutable Affection of all 
Matter, neither can this Explication 
be admitted. And indeed this very 
learned Perſon confeſſes, that he him- 
ſelf was not ſatished with it. There- 
fore he adds, That the Smperficies of 
the Tube however weti-poliſhed, can- 
not be thought to be ſo free from all 
Ruggedneſs or Inequality, but that 
there muſi remain ſome Romghneſs, 
which muſt cauſe Coheſion, or (if it 
be moved) ſome Friction of the ad- 
Jacent Body , 2 the Motion muſt 
be ſomething hindred. 

And indeed this Opinion comes 
nearer the Truth; and that chiefly 
becauſe upon the leaſt ſhaking of the 
Tube, the Quickſilver falls down, 
; — mY — -= the Suſ- 

n not n 

- permanent Cauſe, 2 e as 
vity of the Air or Æther, —_ 
ſome accidental Thing, ſuch as ſome 
kind of Adheſion. However, be- 
cauſe there does not appear to be any 
ſuch Romghneſs in the ies of 
the Glaſs, as this learned Perſon ima- 
ines ; it ſeems to be moſt proba- 

e, that the Quickſilver remains thus 
ſuſpended from the Contact or Agree- 
ment of the Parts, the Force of which 
is always greateſt in every Effect of 
Nature. Thus, a plain and ſmooth 
Loadſtone applied to a Ball of Iron 
* on a ſtring from a Nail, 
— il _ it much further from the 
erpendicular, than in rtion to 
the Magnetick Force, if it be pulled 
back with a gentle and even Hand, 
| and be not ſeparated by any acci- 
dental Shake, So alſo Water will 
aſcend in a Vacnam, in ſmall Glaſs 
Tubes open at both Ends. And two 
ſmooth poliſhed Marbles will not 
be ſeparated, though the grofler Air 
be removed. And fo the Parts of all 
hard Bodies (and in ſome meaſure 
| alſo of Liquids) cohare together by 
Contact, that is, by that Attracbion 
which always ariſes from Contact. 
See what is ſaid below at Chap. 22. 
Artic. 9. 

All the Author's Pains therefore a- 


bout ſabtil Matter, and about the 
Pores 
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Matter, which before kept its Parts at a Diſtance, and | 
made the Pores ſufficiently wide and long, to give free | 
14 to the ſubtil Matter; and becauſe it cannot chruſt | 
the ſubtil Matter into the Place which it is difpoied by | | 
ics Weight to quit, therefore it does not deſcend at all: 
However, not having had any Opportunity to ſee how | 
well this E rn 
that it is falſe, we remain in ſuſpenſe, and do not deter- 
mine which Body it is, through the Pores of which the 
ſubtil Matter paſſes, to. fill the Top of the Tube. 2 
zo. But to return to our Diſcourſe, and to continue ID 
to draw the Conſequences which we think deducible from — 
what has been ſaid above; Let us ſuppoſe a Fube filled +, if che 
with Quickſilver, and immerſed as uſual in a Veſſel, in- Ti je ten 
to which Part of the Liquid runs, till it is about the % ts - 
Heigat of Twenty ſeven Inches and a half, and then it be En of i 
lifted up a little above the Surface of the Quickſilver, ſo that eb be 
one Drop only of it may run out ; then beeauſe the Quick- 
flyer, that remains in the Tube, does not weigh ſo much 
25 the Air without, it ought to be impelled with Violence 
to the Top of the Tube, and after that, its own Weight 
ought to make it deſcend on the one hand, as much 
2 makes it aſcend on the other; and fo we find 
ic does. | 
31. If, after having made the Experiment as uſual, we 31. That we 
take the Tube out of the Veſſel in which it is immerſed, gr mr co 
ſtopping the lower Hole with our Finger, but not preſſing Fun of | 
very hard upon it, then we ought not to feel, nor do we the i | 
indeed feel the Weight of the Quickſilver: For though it co | 
lies upon that part of the Finger, which anſwers to the | 
Hole of the Tube, yet it is not heavy, becauſe it preſſes 
neither more nor led. than the external ſurrounding Air, 
which is applied to the other Part of the Finger, preſſes 
upon it, — repels it. And if in this Caſe, the Tube 


be opened at the Top, by ſuddenly removing that 


Pores thr which that fictitious 3 when it is firſt cleared of all Air, 
Matter ſhould paſs, is to no Purpoſe. | cohzre by mutual Contact, both with 
For if there were a Paſſage for that | one another and with the Glaſs. from a 
ſubtile Matter, either the | certain Attraction, which ceaſes, as 
Vickſelver or the Glaſs; yet it | ſoon as the Tube is ſhaken, whereby 
would not be able to force the | the Particles are ſeparated from each 
eurer up into the Tube, nor | other, and from the Glaſs. And the 
to ſuſtain it there; And if there be | ſame Experiment has been made in 
no Paſlage for it through either of | Water well clear'd alſo of Air, by 
them, then it would not ſuffer the | which means its Parts approached 
Quickſilver to ſubſide again, as it | nearer to Contact. See Newt. p- 
does when the Glaſs is haken. But | ticks, pag. 337+ | 

indeed the Particles of Quickſilver, 
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which it is ſtopped with, then we ſhould feel the fame as 
if the Finger which is applied to the lower Hole received 
a hard Blow, becauſe the groſſer Air, which deſcends 

uick, and with great Force into the Tube, adds on a 
udden new Weight to that of the Quickſilver ; and this 

is confirmed by Experience. | 
32 · That 32. If the Tube be not filled with all Quickſilver, but 
21% Conte Tome other Liquor be put in alſo, we may determine 
quence of fil how far each of them ought to deſcend, by conſidering 
74,9: how much that other weighs 2 with the Quick- 
ny other Li. ſilver. For Inſtance : Suppoſe the Tube filled with Quick- 
guor. filver all but an Inch, and we would fill the reſt with 
Water; becauſe Water weighs but a fourteenth Part 6 
much as Quickſilver, we ought to conclude, that it will 
make it deſcend below the ordinary Station, the four- 
teenth Part of an Inch, and conſequently the Water will 

be Thirteen of the fourteen Parts above that Station. 
33. And 3 The like Calculation may be made, whatever hea- 
what, ift be vy/Liquor be put in inſtead of Water: However, it is 
,d be obſerved, that the ſame Reaſon will not hold good 
for groſs Air. For ſince we know by Experience, that 
it has a Power of expanding it ſelf very much, and can 
eaſily be mixed with the ſubtil Matter, we conceive that 
by mixing it ſelf with that fine Matter with which the 
op of the Tube is filled, it preſſes againſt the Top of 
the Tube on the ane Part, and upon the Top of the 
Quickſilver on the other Part, and ſo by this means for- 
ces it much lower than it would force it by its own 
Weight, which compared with Quickſilver bears no pro- 

on to it. 
34. Thatthe 34. We foreſee alſo, that an Inch of Air will make the 
Effects of Air Quickſilver deſcend ſo much the lower, by how much leis 
| the Tube exceeds Twenty ſeven Inches and a half in 
the differens Length, becauſe the Power of dilating it ſelf, does in 2 
Lengths of manner reſemble a Spring: For as a Spring, the more 
me Tuben. it is bent, with ſo much greater Force does it unbend it 
ſelf; ſo the Air, the more it is compreſſed, with ſo much 
the greater Force does it dilate it ſelf; and in all this, our 
Reaſoning is confirmed by Experience. 

35-4 very 35. But to give a plainer Proof 1 how much a little 
— _ Air, when the Weight of the Column which it ſuſtains is 
Cary's Nad. removed, is capable of expanding it ſelf; we need only 
der, to ſhow take a Carp's Bladder, and cutting off the leſſer Part at the 


how much the 

Te of < 2 I. How much @ little Air) See | Art. 3. below, 
panding it dhe Notes on Fart UI. chef. 2. 
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Neck, where it is joined to the Greater, preſs the greater 
Part fo cloſe, as to ſqueeze out almoſt all the Air that is 
contained in it: Then tie it up to keep in that which re- 
mains, which is not bigger than a ſmall Lentil : After this, 
let it be put into the wor one of the Tubes made 

e like a Veſſel, and filled as uſual with Quickſilver, 

managed in the ſame manner as the formentioned 
Experiments, and then we ſhall ſee how ſurprizingly the 
Bladder will ſwell round almoſt all at once, and appear 
to be blown as big as it was before the Air was let 


out. | 
6. Now though there be much more ſubtil Matter 36. J 


the immedi- 


in the Bladder thus diſtended, than groſs Air; yet we are 4, Cane 
not to think, that it is that which preſſes upon the inter- — 
nal Parts of the Bladder, and ſwells it thus; this Effect can- — Cary's 
not be produced by it, becauſe it can eafily return through — 
the Pores by which it entered; it is more likely, i that 
this fine Matter agitates that little groſs Air which remains 
in the Bladder with great Violence, which Agitation is the 
immediate Cauſe of the Bladder's ſwelling: And this is ſuf- 
ficiently evident; for if the Bladder be entirely emptied of 
the groſs Air, it will not ſwell at all, and if there be alittle 
too much, it will break. J 

37. In order to make this Experiment well, it ſhould 37: 4 ra- 


markable Cir- 


be done with a Tube open at both Ends, and the upper ande of 
End ſhould be covered with a Hog's-Bladder, moiſtned :4is Experi- 
firſt in Water, that it may ſtretch the better, and this went. 

will give us opportunity of obſerving another Circum- 

ſtance very curious, and that is, that as ſoon as the Quick- 

ſilver begins to deſcend, we ſhall ſee the Hogs-Bladder 
ſtretched, and forced into the Tube; the reaſon of which 

is, that then a very heavy Column of Air preſſes upon 

it, and there is none under it to ſupport it. 

38. If the Bladder be pricked with a Needle, and the Nee- 35: Ana 
dle be pulled out a little, to let ſome of the groſs Air in, E 
and then the Hole be ſtopped ; the groſs Air which enters 
in, will expand it ſelf round the Carp's-Bladder, and preſs 
upon it, and make it appear more or leſs wrinkled, ac- 
cording to the Quantity of Air let in. 

39. This Experiment may ſerve to undeceive thoſe, 39. 7% Uſe. 
who upon reading Ariſtotle have been of * that n e 
Air made ten times rarer than it is, ＋ ly changes its 9 
Nature, and is converted into Fire. For the Falſity of this Ima- 


1. That this fine Matter) Not no ſuch Thing, but only the E- 
hat Matter, for probably chere is | laſlicity of the Air it felt. 


F'3 gination 
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gination is clearly ſeen, by ſhowing that the Air contained 
in the Carp's-Bladder is rarifyed above a hundred Times, 
and yet does not at all alter its Form. 

40: That the 40. When I ſpoke of the Height which the Quickſilver 


b of the ſtands at in the Tube, I limited it to Twenty ſeven Inches 


ckſulyer is 


e „and a half, which is the common Height obſerved at 


Paris; but to ſpeak exactly, it is ſometimes higher, and 
ſometimes lower; becauſe the Air at different times is 
lighter and heavier. | | 
41. Thor 41. One of the beſt Obſervations that I have met with 
Leet, upon this Subject is this: That though we know by Ex. 
alter the ience, that the Air is condenſed by Cold, yet I have 
Geek e never found that the greateſt Cold, made any Alteration 
and what che Of the Height of the Quickſilver in the Tube. The Res- 


 Canjes are, fon of which, in my Opinion, is, that the Cold being ve- 


ate bY A x near the ſame over a great Part of the Superficies of 
e Earth, the Air does not paſs from one Country to a- 


nother ſo that the Bulk or Quantity of it is increa- 


ſed; but it being condenſed only from the Top to 


the Bottom, it is the fame Quantity of Air, that preſſes 
upon any particular Place of the Earth; fo that all the 
Difference that. there can ariſe in the Air, muſt be impu- 
ted to more or leſs *Vapours and Exhalations, which are con- 
tained in it at different Seaſons, and to the Winds which 
blow ſometimes upwards and ſometimes downwards. 3 

2 


1. Vapours and Exhalations) It I is heavier than the Fapours, and fit- 
has been long obſerved, that in cloſe | ted to ſupport them, betauſe its 
and rainy Weather, the Quickſilver | Particles are groſſer, and ariſe from 
does not rife ſo high, as when it is | denſer Bodies, than the Particles of 

dry and clear; which has been | Vapours. ; 
_ by ſome to overthrow the In the firſt Place therefore, this 
whole Theory of the Weight of the | Weight of the Air, in any particular 
Air; and indeed it is very difficult, to | Country, may be ſo changed by the 
explain particularly the Cauſes of all | VVinds, that the Atmoſphere may 
the various and minute Changes of | be condenſed and made heavier, by 


the Heavens; a great deal is owing | bringing a greater Quantity of Air, 


to the Winds, which blow ſomerimes | and heaping it together; viz, when- 
u ds, ſometimes downwards; and | ever eue Winds blow ar the ſame 

metimes ſideways, à great deal to | time from contrary Parts of the 
Vapours, a great deal to Steams ri- | Heavens; or ſome of the Air may 


ſing our of the Earth; ſomething muſt | be carried or blown away by them, | 


be aſcribed ro the Alteration of the | and — an Opportunity given to 
Heavrns in the neighbouring Coun- | the Atmoſphere to unfold it felt, the 
tries, and perhaps ſomething to that | incumbent Weight being taken off, 
Flux and Refiux which Moon | viz. as often as two Winds blow 
cauſes in the Air, which is much | from the fame Country to oppoſite 
greater than that in the Sea, &. To | Parts of the Heavens; or whenſoe- 
account for all which particularly | ver any one particular Wind is very 
and exactly, would be endleſs How- | ſtrong ; for it is found y yn 
ever, - to propoſe —_— which | that an artificial ſtrong Wind makes 
may come pretty near the Truth; ic | the Air lighter, and the Quickſilver 
is to be oblerved, that the Air it ſelf | in the Tube to fall very much. ” 
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42. As to any Alteration in the Height of the Quickſi- 


ver, which may be though 


t to ariſe from the Dilatation of 
the ſubtil Matter in the Top of the Tube, — Heat 
of the Summer, or the Contraction of it by the Cold 


of 


71 
42 . That nei- 
ther the Heat 
in the Sum- 
mer, nor the 
Cold in the 
Winter, do at 


the Winter, it cannot be at all ſenſible: For Experience au ſenſq di- 
ſhows us, that if this Matter be heated by a Fire, much 
more than it can be by the Heat of the Sun, it will not 


the Philoſophical Tranſaftions, Numb. 
292. 

— Cold and nitrons Parti- 
cles or the Air it ſelf, condenſed 
Cold from the North muſt condenſe 
the Armoſphere where-ever it comes, 
and make it heavier. 

Thirdly, Heavy and dry Exhala- 
tions make the Air heavy (in the 
fame manner as the Specifick Gra- 
vity of any Men ſtrumm is increaſed, 
by diſſolving Salts and Metals) and 
its elaſtick Force, as it is called, muſt 
thereby become ſo much the ſtrong- 
er. 

Fourthly, When the Air by theſe 
and ſuch like Cauſes is become heavy, 
then is it more able to ſupport the 
— which when they are en- 
irely mixt with it, and ſwim about, 
and are every way diſperſed in it, 
make the Sky ſerene and clear : Bur 
when the Air from the contrary 
Cauſes, is made lighter, then is it 
unable to ſupport the Vapours with 
which it is always filled, and fo be- 
ing put into ſome ſort of violent A- 

tation, they er themſelves into 
Clouds and Miſts, and being formed 
into Drops, fall down. 

From theſe Obſervations, it is ve- 
ry evident, that · the ſame Cauſes, 
which make the Air heavier,and more 
able to ſuſtain the Quickfilver in the 
Tube, make the Heavens alſo clear 


and dry; and the ſame Cauſes by 


which the Air is made lighter, and 
leſs able to ſuſtain the Quickſilver, 
2 Showers and Rain produced 


Hence it follows. Firſt, That when 
the Air is lighteft. and the Quickfil- 
ver falls loweſt in the Tube, chen the 
Clouds move very low and quick 
and that clear Air which after Rain, 
appears between the thick Clouds, 
_ diſcharged of its Vapours, ſeems 

tranſparent and bright, and gives 
the beſt and eaſieſt proſpe& of Things 
at a diſtance. 


Secondly, When the Air is more 
heavy, and the Quickſilyer is raiſed 


F 4 


higher in the Tube, then the Hea- 
vens are fair, but a little thicker,and 
not quite ſo blue, by reaſon of the 
Vapours which are way 

ly diſperſed about; as has 

by many obſerved, it does not afferd 
ſo good a Proſpect of Things at a 
diſtance ; and it there do appearany 
Clouds, they are very high and move 
very ſlow ; and when the Air is 
heavieſt of all, the Earth is ſome- 
times covered with thick Clouds, 
which ſeem to conſiſt of heavier ſort 
of Exhalations, which the Air at that 
time is capable of ſuſtaining, but 
which cannot ſwim in lighter 

Thirdly, m—_—— oe in our 
own Country, w Cold is great- 
eſt, and the North and Lond. Eaſt 
Winds blow, the Quickſilver in the 
Tube is hi 3 becauſe at that time 
two Winds blow together upon our 
Country from ee Parts of the 
Heavens ; for in the Atlantick Oce- 
an, at the ſame Latitade with us, the 
Wind blows almoſt always from the 
Weſt. To which we may add, that 
the Air which is brought hither by 
the North Wind, comes condenſed 
by the Cold. 

Fourthly, In the moſt Northern 
Countries, there is greater Variation 
of the Height of che Quickſilver in 
the Tube, than in thoſe Countries 
which are more Sourh, becauſe in 
thoſe Countries, the Winds are ſtrong- 
er and more variable; aud oppoſed 
by each other in a lefs Tract of 
Land; whence the Air is ſometimes 
more heaped up and condenſed, and 
ſometimes carried away and light- 
Laſtly, Between the Tropicks, 
chere is che leaſt Variation of all, in 
the Height of the Quickſilver in the 
Tube, becauſe there the yes = for 
the moſt very gentle, at w8 
the fame way 6 

See the Philoſophical Tranſations, 
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male 


late or con- 
denſe the ſub- 
tle Matter in 
the Tube. 
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make the Quickſilver deſcend at all; and if the Heat of 
Summer — do nothing towards ſenſibly dilating it, the 
Cold of the Winter can much leſs do any Thing towards 

1 condenſing it. | 
* — 43. But whatever be the Cauſe of the Quickſilver's ri- 
— Dj ſing and falling in a Tube, where the Experiment is con- 
re — tinual; the greateſt Height that I have obſerved for fif- 
Saick/ikver teen Years, in a Tube which I prepared for that Purpoſe, 
1. was Twenty eight Inches, and a third Part of an Inch; 
and the loweſt was Twenty fix Inches and ſeven twelfth 
Parts of an Inch, fo that the greateſt Difference in the 
Height of the Quickſilver, was an Inch and three quar- 

ben 8 


44. That the . Tho all theſe Experim ents are ſufficient to con- 
— 76 dang IF: us, _= it is by the Weight of the Air, that the 
egit to be Water or Quickſilver is ſupported or made to riſe in the 
_—_— 'n Tube; yet it is eaſy to conceive how there may be an 
e, Alteration made in the Height of the Quickſilver, and yet 
Height. no Change made in the Air it ſelf : In order to this, we 
need only make the Experiment in two different Places, 
the one the higheſt, and the other the loweſt that we can 
come at : For there being a leſs Quantity of heavy Air in 
_ the higheſt Place, the Quickſilver cannot be ſupported by 

it to ſo great a Height as in the loweſt. 
47. Tt 45. No in order to try if Experience would agree with 
Eperment: our Reaſoning, I filled a Tube three Foot and a half long, 
with Quickſilver, and immerſed it into a deep and ſtrait 
Veſſel, into which it emptied it ſelf as uſual, after which 
T fixed them both in a Wooden Frame, made for that 
Purpoſe: And now the Inſtrument being ſuch as could 
conveniently be-carried from one Place to another, with- 
out any Danger of ſpilling : I carried it to the Surface of 
the River Seize, which happened then to be frozen, and 
obſerved exactly the Height of the Mercury: After which, 
I went up one of the Towers of the Church of the Virgin 
Mary at Parit, which is about Two hundred and ſixteen 
Foot We than the Place where the firſt Experiment 
was made, and here I found the Quickſilver was not fo 
high in the Tube as before, by near three Lines, that is, 

ä xe RO pA 

46. Auot 6. ] me Experiment was tried in Auvergne, in une 
— cov of the loweſt Places of the Town of Clermont, and upon 
the Top of a neighbouring Mountain, called Puy de Dome, 
* about Three — — Foot ou than the Val- 
„ and the Difference in the Height of the Quickſilver was 
fund to be above three Inches. a 
47. 0 


's 


D, and ticks out of the Cavity AB by the Length FE, 


by this little Hole F: Laſtly, by means of the Neck BG, 


An: of NaTURAL PHILOSOPHY. 75 
47. As this Experiment is more ſenſible than mine, if 47.4 24e- 
it was made, as there is Reaſon to think it was, with all ag 175 
the Exactneſs one could wiſh; it furniſhes us with an » the Ar. 
eaſy Method of finding the Height of the whole Air, ſup- 
poling it to be every where of the ſame Denſity as it is 
near the Earth: For ſince upon taking away Three thou- 
and Foot of Air, the Quickſilyer finks three Inches, this 
js a Proof, that a Column of Quickſilver of three Inches 
high, weighs equal to Three thouſand Foot of Air, and 
conſequently the Height of the whole Air, which coun- 

les Twenty ſeven Ir:ches and a half of Quickſilver, 
is Twenty ſeven thouſand and five hundred Foot high. 

48. As therefore we conclude, that when there is leſs 45 — 
Height of the groſfer Air to upon the Quickſilver ger would 
in the Veſſel; there ought alſo to be leſs Height of that J ox: of the 
in the Tube; for the fame Reaſon, if we ſuppoſe that ——ů 
there were no groſs Air at all to preſs it upwards, we Air to preſs 
ought to conclude that all the Quickſilver would fall down, _ Veſ- 
ſo that That in the Tube would be level with that in the“ 
Veſſel--- . p | 

Some have imagined it impoſſible to make any 49; 4 De 
Ollervation by which it ſhould * — that Reaſon and for — 
Experience agree in this Particular; becauſe there is no mate . 
Mountain high enough to carry us up to the upper Sur- #29" 
face of the Air; and becauſe, if there were, the Air would 
be fo thin, that we could not breathe in it. But I 
of a Means to remove theſe two Difficulties, and by 
which the Thing might eaſily be effected; and that was, 
to prepare ſome- ſmall Room, with tranſparent Walls, 
which one might ſtand without and look upon, without 
any Danger from what might happen within. I cauſed 
therefore a Glaſs Iuſtrument to be made, according to the 
following Repreſentation. BC is a Tube, upwards of Tab.!. Fig . 
Twenty ſeven Inches and a half long, and is open at C: 
AB is a large Cavity, which has a Communication with 
BC by the Part B L, and is cloſed, and has no Aperture 
at A: DE is a ſmall Glaſs Tube ſto up at the End 


and is open at E: Beſides there is a ſmall Hole F in this 
little Tube, where it is cemented on the outſide to the 
Glaſs AB in ſuch a manner, that the Cavity of the little 
Tube has a Communication, with the large Cavity AB 


the external Air has a Communication with that in the 
whole Tube ABC. 


50.1 
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» How the 
foregoing In- 
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50. I firſt ſtop the Hole G with a Hog's-Bladder, and 


- CUrmiNg the whole Inſtrument, fo that the Znd C may be 
uſed. 


51. Surpri- 
xing Effects 
From the En- 
trance of the 
Air into the 

at 


able Effects: The firſt is, That upon 


uppermoſt, then I pour in the Quickſilver at the Hole 

which at firſt falls only into lde Tube DFE, = 
when it is full up to E, then continuing till to pour in, 
it runs through the Hole there, and the Cavity AB 
which ſurrounds this Tube, which I fill up as high as B; 
then I fill the reſt of the large u. ing the Quick- 
ſilver in at C, till it riſes as far as ole 3 which I 
ſtop then with a Hog's Bladder ; after this, I continue to 
pour the Quickſilver in at the Hole C, till the Tube BC 
is quite full, Having done this, I ſtop the Hole C with 
ay Finger, and invert the whole Inſtrument which is full 

Quickſilver as uſual, and immerſe it in a Veſſel of the 
lame; Then the Cavity AF empties itſelf as far as IL, and 
at the ſame Time, the little Tube DFE empties itſelf to 
the ſame Height, and the Tube C empties it ſelf to H, 
which is Twenty ſeven Inches and a half above the Quick- 
ſilyer in the Ve - And thus we ſee that Reaſon and Ex- 
perience agree; for as there is no Air to upon 
the Surſace IL of the Quickſilver Sach — 4 the 
Baſon IFL, ſo there is nothing to force it to riſe in the 
little Tube DFE. 

51. Now 'if the Hog's-Bladder which ſtops the Hole 
at G, be pricked with a Needle, it is evident, that the 
groſſer Air which enters into the Cavity ABG ought to 
produce Two very different, and therefore 1 

CK» 

end; andallopreſing upon the Surace IT of the Quick: 
; andalfo u 0 ck- 
filver which Ce my the Baſon IFL, it will — 
of it to aſcend in the little Tube DFE, and fill it quite 
full, provided it does not exceed Twenty ſeven Inches 


and a half in The Experiment will be more plea- 


ſant, if after the s-Bladder, with which the Hole G 
is ſtopped, be pricked, the Needle be pulled back ſeve- 


ral times a very little, to let a little Air in at a time through 


the Hole, and then thruft forward to ſtop it again; 
then you will have the Pleaſure to ſee Quickſilver in 
the little Tube DFE aſcend by little and little at the ſe- 
veral times, and that in the Tube BC deſcend in the fame 
manner. Then it the Needle be pulled out all at once, 
a you 
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you will ſee at the fame time it will riſe as much on the 
one Hand, as it falls on the other. & 

52. If the Liquor with which the Baſon belonging to 52. T the 
the Tube is fill 8 OO 3 there is _—_ ay ns nn 
to ſu it, as we ſee in the foregoing Experiment, w 288 
the ce Tube DF * — entirely — ied of a where there 
filver, the Reaſon ſtronger for its not riſing, it f. 
there be no Air to thruſt it up; wherefore there 1s o 
need of making any Experiment, to be aſſured, that the 
Water ought not to riſe in a Syringe, when the Sucker is 
drawn, if the Veſſel in which the End of the Syirnge is 
immerſed, be fo ſtopped, that the external Air cannot en- 
ter into it. But if any one be ſtill fo obſtinate, as not to 
be content without referring it to Experience, he need 
only put the End of the Syringe into the Mouth of a 
Glaſs Bottle, which is round and ftrong, and full of 
Water; but not begin to draw the Sucker, till the Mouth 
of the Bottle be well ſtopped with Wax, or ſome ſuch 
Thing, to prevent the external Air entring ; and then 
he will ſee that the Water will not riſe at all in the Sy- 


ringe. 
53. That we 72 go on to explain the moſt conſidera- . * 
ble Phenomena of Hydraulick Inſtruments; I come now Ir ave; no: 


5 give an Account of the Syphon. Let ABCD then be ra 
c 


a Syphon, the ſhorter Arm of which CD is put in- 58 


to a Vellel of Water; Then, as has been often ſaid, the Tab. II. 


Air which preſſes upon the Water which is in the Veſ- Fig: 1. 

ſel, ought not to make it riſe up in the Syphon, becauſe 

the Air which is in the Syphon hinders it. ; 
54- But if the Water in the Veſſel be made to riſe up — j 


into the Syphon, either by ſucking it at the End A, or the Waters 


any other way, ſo that it be filled quite full of Water, Jh in the 
and then we take our Mouth away from the Hole A, the 
Water will not ceaſe to run, but continue running, fo 

as the ſhorter Arm CD remains in the Water in the 
Veſſel: The Reaſon of which is this. So long as the 
ſhorter Arm CD is immerſed in the Water, the Force of 
the Air indeed, which preſſes upon the Water in the Veſ- 
ſel, and which endeavours to make it riſe in this Arm, is 
not ſenſibly greater or leſs, than the Force of the Air 
which endeavours to repell it, when it offers to run out 
at the Hole in the other Arm: But becauſe the Force of 


1. You may find the Deſcription } of the famous Mr. Boyle excceds 
of an Inſtrument not much unlike chem all, and is fo well known, that 
this in the Experiments of the Aca- I need not deſcribe is 

demy del Cimento, But the Air Pump j i 

| each 
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each of rheſe two Arms is diminiſhed, in proportion to 
the Weight of the Water which each of them impels; 
and the Weight of the Water in the longer Arm be! 
heavier, than that in the ſhorter Arm; it follows, that | 
there remains more Force in the Air which a&s upon the | 
Water in the Veſſel, to make it riſe in the ſhorter Arm, 
than there does in the other to repel it; ſo that it is in- 
deed made to riſe, and forced to run out through the 
longer Arm, notwithflanding the Reſiſtance of the Air\ 
which oppoles it. | 
55. How hich 55. I here ſuppoſe, that the Arms of the Syphon do 
zbe Arms not exceed that Height of the Liquor which the Air would 
»a/ Je fr ſuſtain in a ndicular Tube; for if they be longer, the 
tbe Water to Liquor with which the Syphon is filled, will divide at the 
"= Top, and deſcend in of the Arms; which is con- 
firmed by Experience. 
56. How the 56. After G many different Explications as have been 
. per ry already given, I don't think it neceſſary to inlarge much 
Bellows. upon explaining how the. Air enters, and is received into 
a Pair of Bellows; for it is eaſy to apprehend, that when 
the Sides are ſeparated from each other, they thruſt for- 
ward the Air, which not being able to move freely eve- 
ry way, 1 becauſe the World is full, or at leaſt not be- 
ing able to enter in at the Noſe with Eaſe, and quick 
enough to fill readily that Space which is left by the Sides 
of the Bellows when they are opened; is turned back, 
and enters with Eaſe = Swiftneſs through the Holes of 
5 = oy br ; . . 
rr here to obſerve, that we receive in 
_ Ref. Air by Reſpiration, much after th2 ſame manner : For it 
Piraten. is certain, that the Muſcles of the Thorax and Abdo- 
men, ſerve to diſtend, and ſwell the Body, by which 
Means the Air being thruſt back, gets into the Hollow of 
Lungs through the Mouth and Noſtrils. 
982 58. The only Difficulty here is, that ſince we ſuſtain a 
fud no Dif- great many Columns of Air, which are all heavy, and 
Fairy in which preſs upon the external Parts of our Body, and 
g. thruſt it inwards; it ſhould ſeem that we ought to feel 
ſome Difficulty in breathing, in order to overcome this 
Reſiſtance : But the Anſwer is eaſy ; For if there be ſome 


t. Becauſe the World is full) J open. Which I remark here, to 
Whether the World be full or not, | ſhow, that whatever becomes of the 
it is the ſame Thing; for it cannot | Fulneſs of the World, the Explica- 
be, but that the Air by its own | tion of theſe and ſuch like Motions, 
Weight (and Spring) muſt ruſh into | is the fame. N 
the empty ws when they arg 


te 
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to thruſt it inwards, there are alſo a ſufficient Quantity of 

others, which enter 'into the Cavity of the Breaſt ro 
refs it outwards ; ſo that there is an equilibrium between 

theſe Forces or Powers; and this is the Reaſon why we 

ought not to find any Difficulty in Breathing, or if we do, 
it is owing to ſome other Caule. 

59. The ſucking in of Air through a Quill is done in 
the ſame manner as Reſpiration ; for it is the fame as if our 
Mouth were as long as the Quil. 

60. If we try to ſuck a heavy Liquor through a Quill. 
dipped into it, we oughr to find ſo much the greater Dit- 
ficulty as the Quantity of Liquor we make to riſe is greater; 


$9. How it is 
that we ſucł 
in Air. 


60. Why it is 
more difficies 
to ſuck a 
heavy Li- 


becauſe this Liquor preſſing by its Weight upon the ex- 9% 


ternal Air which endeavours to raiſe it in the Quill, * hin- 
ders it from impelling and aſſiſting the Air which is in the 
Lungs, ſo much as it uſually does; by which means the 
Air in the Lungs is weakned, and has juſt ſo much leſs 
Force to thruſt the Parts of the Body outwards, than the 
Air which is applied to the external Surface of the Body 
has to thruſt them inwards, as the Liquor which is cauſed 
to riſe in the Quill is heavier. 

61. I ſhall finiſh what I have to ſay concerning theſe 
Sort of Motions, with explaining that Swelling which 
Surgeons make in the Fleſh, by the Application of Cup- 
ping-Glaſſes; the common Method of which, and that ro 
which all others may be reduced is this; they take a 
ſmall round Card, upon which they fix four ſhort pieces 
of Wax-Candle, which they light, and ſet like a Candle- 
ſtick upon the Part of the Body which they intend to cup: 
Then they cover all the Candles with the Cupping-Glals, 


61. Concoon- 
ing the Uſe 
of Cupping- 


Glaſſes. 


bnt do not put it cloſe to the Fleſh, till the Air that is 


within it, is ſufficiently heated; then as ſoon as it is 


1. Hinders it from impelling) If f ſed by the external Air with leſs or 


the entire Weight ot the Liquor only 
be conſidered ; we muſt ſay, that the 
Difficulty of Sucking, is therefore 
greater or leſs, becauſe, in proportion 
to che greater or leſs Height or Thicł- 
neſs of the Column of Liquor, the 
Breaſt is more or leſs diffended by 
the Power of the Muſcles; fo that 
the Reſiſtance of the internal Air 
(Oy which it endeavours to hinder 
e Liquor from riſing) muſt be ſo 
much more or leſs weakned by Ra 
refraQtion, according to the Power of 
the external Air, to raiſe up the hea- 
vy om to the Mouth. But be- 
cauſe the Columas of Liquor are rai- 


greater Difficulty, according. as they 
are leſs or greater in Height and not 
in Thickneſs ; therefore if weſuppole 
two ſuch Columns, one of which is 
twice as high as the other, and this 
other twice as thick as that; though 
it be plain, that in both Caſe, there 
is the ſame Quantity of Air to be 
ſucked out of the Quill,and the ſame 
Quantiry of Liquor to be ſucked 
through it; yet it is evident, that a 
greater Diſtention of the Breaſt, and 
a greater Force of the Muſcles is 
required, that is, it is more difficult 
ro ſuck or raiſe up the Firſt than 
the Second. . 

put 
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— put cloſe, the Candles go out, and we ſee the Fleſh ſiyell, | 
and riſe u | * 


P- f 

62. hy 62. In order to underſtand the Reaſon of this Experi- 

1 ment, it is to be obſerved, that during that ſhort time 

Ws 2 2 e 2 e is in the 

uppi „It very much agitated and dilated b 

„ 4 does however ck wee ths Fleſh, as muc 

as it did before, becauſe the Cupping-Glaſs being not yet 

put quite cloſe, does not take off any of the Weight, 

which it had befofe it was dilated ; but it is otherwiſe af- 

ter the Candles are extinguiſhed by the immediate Appli- 

cation of the Cupping-Glaſs to the Body : For then the 

Air which is contaiued in it, is no! np; n by the 

Air without, and as it grows cooler, it has not Force ſuf- 

ficient to take up ſuch a Compaſs, as when it was agita- 

ted by the Heat : Wherefore all the other Parts of 

the Body are preſſed upon by the external Air, which alſo 

preſſes the Cupping-Glaſs to the Body, the one muſt of 

neceſſity enter into the other ; that is, the Fleſh muſt be 

thruſt into the Cupping-Glaſs, and the Air within it 
condenſed. 


I. Though much agitated and This Explication had been ſome- 
dilated by the Flame, 2 however 


preſs the Fleſh as much as it | ſaid-—thongh dilated by the Flame, 
aid * becanſe the Cupping-Glaſs | yet ſince it 1s very much agitated, it 
being not yet put quite che, does | does however, Nor was there any 
not take off of the V Veight, | need of having r e te the V Veight 
mbich it had before it was dilated.) of the external Air here, 


CHAP. XIIL 
Of the Determination of Motion, 


1. VVhat is HEN a Body moves any particular way, the 
Fo rr door W Diſpoſition — it has to 3 that — 
en of Motion. than any other, is what we call its Determination. 
2. That ſuch 2. Determination is a Mode which is diſtinguiſhed 
Dererminati- from Motion, and which may remain the ſame, how 
u ins much ſoever the Motion be increaſed or diminiſh- 
from Motion. ed: Thus a Stone that falls freely in the Air, has a cer- 
Prof. © tain Quantity of Motion, and at the fame time; has alſo 
a certain Quantity of Determination of Motion — 


ch 
and 
ſo 1 
wo 
0 


what more plain, if the Author 


x 
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and if it had been thrown oblique from the fame Place, | 


{ as to have come to the Ground in the ſame time, it 
would have had the ſame Quantity of Determination, but 


2 greater of Motion. , ; } 

tio, is, that it depends upon a different Cauſe from that P. 

of Morion, thus in a Ball ſtruck by a Racket, the Moti- 

on is Owing to the Force with which the Racket is mo- 

ved, but the Determination towards any Part, is owing to 

the Situation of the Racket, | 
4. Since every Thing endeayours as much as it can to 4. Thar N 
continue in the State in which it once is, it is evident, 5 — 
that a Body which has once begun to move with a cer- ;, 20 voy 
tain Determination, ought always to the ſame, that is, ways bu: only 
it ought always to move in a ſtreight Line, tor this is the 7 ore in 
only Determination that is 1 natural to a Body in Motion 72 
Wherefore when it was ſaid above, that when any Bod 

was moved in a ſtreight Line, other Bodies muſt neceſſa- 

riy be moved with a circular Motion, we are not to 

think that thoſe which thus turn out of a ſtreight Line, 


tend to do ſo themſelves, but that they are forced to 
do ſo, by meeting with, and being impelled by other 


5. Therefore when we ſee a Body move in the Sides 5. That eve- 
of a Square, we conclude, that in the Places where it 2 3:9 »%ich 


moves in 4 


changes its Determination, it is forced to turn out of the Circle, is for- 
way, by meeting other Bodies, the Reſiſtance of which, «ed to do ſo. 
it could not overcome. So likewiſe if a Body moves 


through the Sides of an Octagon, we can't but ſay, that 


I: Natural to a Body in Motion I this Aſſertion is con- 
Mr. Perrault in his Tentam. Phy. | trary to all Reaſon, and this very 
Tom, 1. p. 80. 88. contends, that ] Experiment proves nothing leſs, than 
Motion in a Circle is as natural as in | what this eminent Perſon imagined : 
a ſtreight Line; for terreſtrial Bo- For what can be more evident, than 
dies turned round, endeavour to go | that this Ball endeavours to go off 
off from the Center of their Motion, from the Center of irs Motion, but 
becauſe they are heavy; but it a Body | cannot get off, becauſe all the Parts 
that had no Weight at all were turn- ot the Water endeavour at the ſame 
ed round, it would revolve about its | time to go off from the ſame Center, 
Center freely without any Impulſe, [and with the fame Force, becauſe 
and would not endeavour to go off y folid ; and therefore fince the 
from it: Thus if a Ball of Wax be | Sides off the Veſſel hinder them from 
ſo made hollow, as to equal in | going all of together, there is no 
Weight an equal Bulk of Water. it | reaſon why the Ball of Wax ſhould 
will ſo comply witch the Motion ot | recede from the Center, and impel 
the Water turned round in a Veſſel | the Parts of the Water to the Center, 
full of Water, chat it will always | any more than there is for the Parts 
deſcribe the ſame Circle, and never | of the Water to recede from the 
aremprt to go off from the Center | fame Center, and drive the Ball 
of its Motion. But (befides that there | chicher. 

s no ſuch Thing as a Body void of 
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it is cight times forced to turn out of the way; and ſince 
a Circle is equal to 4 Fi re of an infinite Number 
Sides; it follows, that a Body which moves in a Circle, 
is forced to turn out of the way every Moment, either 
by the continual Reſiſtance of Bodies which it every where 
meets with, or becauſe it is retained by ſomething which 
obliges it to keep always at the ſame Diſtance, and to 
run through the Circle deſcribed, otherwiſe it is certain it 
would not deſcribe a Curve Line at all. 

6. If that 6. For Example, if the Body A deſcribes by its Mo- 


— tion part of the Circle BCD, it muſt be continually turn. 


8 


70 move in the Ed Out of its Courſe from one of the forementioned Cau- 


Tangent of >, ſes : If, when it comes to the Point D, it ſhould be no 
— — ] forced; either becauſe the Bodies which it meets 
ſeribedbefore- with, ſhould make no further Reſiſtance, or the Thread 
Fu- which connected it with the Center, and hindred it from 
8 flying off, ſhould break, it would not continue to de- 
ſcribe the Arch DEB, but it would deſcribe a ftreight 
Line, which would run the moſt directly that is poſlible 
from the Arch CD, that is, it would deſcribe the Line DF, 
which is the Tangent of this Circle, and tnakes the leaſt 
Angle that can be with the Circumference, and which, as you 
ſee, grows more and more diſtant from the Center: 
This is confirmed by an infinite Number of Experi- 

6 ments. 
7- Bodies 7. And ſince a Body. in Motion, has always a Tenden- 
whichmove in cy to deſcribe that Line, which it would deſcribe if it 


4 Circle, en- 


de avour to go Were at li ; and what was faid of the Body A, is to 


off from the be und in general of all other Bodies; we muſt 


C | . . : 
8 conclude, that Bodies which move in a Circle, have a 


they deſcribe, tual Tendency to recede from the Center of their 
— otion ; and this they ought to do with a Force ſo 


epproach to it, much the greater, as their Motion is quick. Wherefore, 


3 e contained in the Circum- 
ference BCD E be full of Bodies which move round the 
Center G, zhey will puſh all the other Bodies with which 

are encompaſſed, and drive them as far from the Center 


as can: But if theſe Latter can find no Place to retire - 


to, they will be forced, in order to give Place to the other, 

to go nearer the Center; in the ſame manner as when we 

3. 7%; dip our Hand into a Pail of Water, the Water is forced to 

Body in Mo- give Way to our Hand, and to remove from the Bottom, 
tion meeting which it has a Tendency to by its own Weight. 

wo ener” 8. It is evident, that a Body loſes ſo much of its own 

cannot move, Motion as it communicates to other Bodies; Now if it 


- og communicates no Motion at all to others, (we do not 
eded. So ÞoA boy on here 


— 4 5 +a - A 


ae. wo tUÞans acl W 


a i — —— th. 
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here conſider what may be occaſioned by its Softneſs, 

. or Figure) we have no Reaſon to think that it 

ſhould at all abate of its Velocity. Wherefore if a Body 

in Motion ſtrikes upon another, which it cannot move at 

al, we bught to conclude, that it will continue to move 

on with the ſame Celerity as it did before; but becauſe 

the Body which it cannot nove, hinders its Determination, 

it muſt neceſſarily alter this Determination, that is, it will 

be reflected. | : 

9. This Second Determination, may indeed be contra- 9. Tha: theie 

to the Frſt: but becauſe the Notion we have of re- „ 

Hed Motion is not different from the Noticn we have e 
of direct Motion, we ought not to think that theſe Mo- of Reflexion. 
tions are contrary to each other, but that i the one is on- 
ly a Continuation of the other, and conſequently, that 
there is not any Moment of Reſt in the point of Reflex- 
ion, as ſome Philiſophers have imagined. | 

10. Beſides; if a Body which was in Motion, comes 10. That Re- 
to be but one Moment at Reſt, it will have wholly chang- ven nd 
ed its manner of exiſting into the contrary, in which there ;# 2 
will be· as much Reaſon for its continuing, as if it had 4 Moment of 
been at Reſt a whole Age; in the fame manner, as if a K; 
Body which was once ſquare, was made round but one 
Moment, it will have as much reaſon as ever it had; to 
continue in this Figure. 

11. When a Body falls perpendicularly upon another, 11. 7847 # 
which is hard and immoveable, it is evident, that the Re- fa which 
flexion ought to be made in the fame Line, in which Zn age 
the Body moved before, there being no Reaſon why it other, 
ſhould incline one way rather than another : Wheretore 2 — 
there is no Difficulty in this Matter, except when the pendicalary: 
Line in which the begins to move makes oblique 
_— with the Superficies of the Body againſt which it 

= But - > 20 wager we * to make of this, de- 
pends upon what we are going to ſay concerning the Com- 
poſition of Motion, and of © — | 

1. The one is only 4 Continuation of | 2 Chadmaion of the Direct; 4 
the other) But it is not ſo. For Bo- | new Motion impr by a new 
dies which are either abſolutely hard, | Force, viz, the Force of Elaſticity. 
er ſo ſoſt, as to be void of Elaſticity, As to what our Author ſays; that 
will not rebound from each other, Im- | if the Body reſted but one Moments 
henetrabiliſy only makes them ſtop. | it ought as much to continue in that | 
Newt. Optic. pag. 37 3. See above, | new State of Reſt; as if it had reſted 
Chap. x. Artic. 1 3. a whole Age ; it is indeed true, with , 

Further, there may be a Moment | regard to the former Motion; but | 
of Reſt, in the Point of Reflexion; | fince Elaſticity is the Cauſe of a new 

the reflected Motion, is not Motion, th — 
G CHAP, 


— — — ————— 
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CHAP. XIV. 
Of the Compoſition of Motion, and of its De- 


termination, 


ev! 
Bo 
Ti 
ed 
| {eq 
1. What is AEL Motion that depends upon two or more Caulc, - 
we call Compound Motion: Thus, if one Force act. 
Po Mo eac 
tion. ing upon the Body A, would cauſe it to move along the M +» 
u. Line AB, and at the fame time another Force acting up- int 
3. on the ſame Body A, would cauſe it to move along the WM at 
Line AC, the Motion which will ariſe from the Action of ter 
theſe two Forces, or from theſe rwo Cauſes, will be a 
compound Motion. Fig 
— — 2. — order to find out Ln — en wh 
e depends thus upon two Caules,. to be made in; 
Fable an, let the two Lines bo drowns which the Body would move — 
Peandildotia. in, if each of theſe Cauſes produced their Effect ſeps- ple 
rately. For „. if che firſt Cauſe would in a given | 
Tab. II. Time, make the Body A move from its Place, as far as 
rb . B and if the Second Cauſe would in the fame Time, I Fr 
make it move to C; let the Lines AB, AC, be drawn; MW ye 
then having divided the Time in which this Motion ws W tio 
made, into as many equal Parts as you will, divide the W the 
Line AB into as many, by the Points E, F, G, and the 
Line AC into as many alſo, by the Points H, I, L; 6 
that, if the firſt Cauſe acted alone, the Body A, would W f 
come to the Point E, in the firſt Part of - the Time, to - 
the Point F, in the ſecond Part, to the Point G in the MW per 
third Part, and to the Point B in the Fourth; and if the MW de 
ſecond Cauſe, produced its Effe& ſeparately, the Body 
A would come to the Point H, in the firſt Part of Time, 
to the Point I in the Second, to the Point L in the 
Third, and to the Point C in the Fourth: After this, draw 
the right Lines EM. FN, GO D, CD, parallel to the Line 
AC; and the Lines HP, IQ, R,CD, el to the Line 
AB: This being done, the Points 8, T, U, D, where 
theſe Lines interſect each other, will determine the Line 
in which the Compound Motion is made. 
| 3-4De- 3. For it is certain, that the firſt Cauſe is anſwered, b 
—— allowing the Body to move to the Line EM in the 
3fotiom, Part of Time, and the Second is anſwered, if we allow it 
to be found in the Line HP in the fame time; where- 
fore both theſe Cauſes are anſwered at once, if the Body 
Tx Comes 
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comes to both the Lines EM, HP, at the fame Time, 
which it cannot do, but at the common Point S. Again, it is 
evident, that the firſt Cauſe is anſwered, if we allow the 
Body to come to the Line EN in the ſecond Part of 
Time; and the ſecond Cauſe is anſwered, if it be allow- 
ed to come to the Line IQ in the fame Time, and con- 
ſequently it is certain, that, in order to anſwer both theſe 
Cauſes tœgether, it muſt be found in theſe two Lines at 
the fame time, viz. in the Point T where they interſect 
each other. So alſo we may prove, that the Body ought 
to be found in the Point V, where the Lines, GO, LR, 
interſect each other, to anſwer the ſame two Cauſes, and 
at laſt in the Point D, where the Lines BD and CD in- 
terſect one another 1. : 

4. Where 2 the ſimple Motions are „as in the firſt _ 4+ In what 
Figure, the compound Motion is in a ſtreight Lins: But fag Lac, 
where the — Motions are unequal, as in the Second may be made. 
Figure, the Motion will be made 3 in a Line differently 
curved, according to the different Inequaligies of the ſim- 

Motions. 
5. If more than two Cauſes contur to produce acom- g. How e 
nd Motion, it may be determined in this manner: 277 4 


Motion com- 


irſt draw the Line in which the Body _ to be mo- ponnded of 


ved, fo as to anſwer two Cauſes; then, taking the Mo- — 
tion in this Line, as if it aroſe from one Cauſe only, draw g Ta.. 


the Line which it ought to deſcribe, fo as to anſwer this 


1. Such a kind of Motion as this, | Air, which could not but retard 

is that of an Arrow, in the famous | the Motion of the Ball, might per- 

22 of a Sbip under full =p 1 the ſole Cauſe why She Wall 

il ; where an Arrow being ſhot | fell ſo much on this fide the Mus- 
, falls down again upon | ket- 


the ſame Place on the Deck, whence | 2. The ſimple Motions are equal) 
it was ſhot: For the Arrow has a| Itis to be obſerved, that thoſe fimple 
double Motion impreſſed upon it at | Motions which are here 
the fame time, one by the Bow or | compared with each o- Fig. 3. 
Hand which ſhoots it, and the o- | ther, and are called equal 
ther by che Ship — along. or unequal, are not thoſe of different 
ing like this was obſerved at | Determinations (ſueh as AB, AC;) but 
Florence, where a Leaden Ball ſhot | the Parts of the Motion of one and 
perpendicularly up out of a Musket | the farve Determination (viz. AE, 
xed in a Wooden Carriage made to | EF, &c. AH, HI, &c.) compared 
move very ſwiftly, fell abont ſeven } together. | 
Foot on this fide the Mouth of the In a Line differently curved) 
Musket, which moved Sixty four Pa- When one or both the finple Mo- 
ces. See Exper. Acad. del Cimento, | tions is altered gradually and every 
9. 145. Perhaps the Musket, was not | Moment,; the Line which is deſcri- 
erected exactly perpendicular, or | bed, may be conceived to be bent in- 
was moved ſomewhat ſwifter after | to an intinite Number of ſmall Lines 
the Ball was ſhot out, than when it | which end in a Curve. Such is the 
was ſhot; or if neither of theſe | Motion of projected Bodies, See the 
happened, yet the Reſiſtance of the | Notes on Part II. ch. 28. Artic. 16. 


G 2 Cauſe 


Cauſe, and a Third, and ſo on, if there be a Fourth or 
fifth Cauſe, producing its particular Effect. 
6. That the 6. It is eaſy to ſee, that the Ball of a Cannon which 
Motion of 4 ſeems to be driven by the Fire level with the Horizon, 
Ball #t of © does, notwithſtanding move in a Curve like that deſcribed 
compound in the ſecond Figure; for there are two Cauſes which con- 
Mot ion. cur towards its Motion, the firſt of which, viz. that 
which cauſes the Ball to move upon the Level, 
continually to diminiſh, becauſe it communicates, by little 
and little, its Motion to the Air which it diſplaces; and 
the ſecond ought to increaſe, becauſe we find by Exper- 
ence, that the Fall of a heavy Body is {lower at the Be. 
ginning than afterwards. 

7. That the 7. The Exactneſs of the Cannoneer in levelling the Can. 
roy non to the Mark which he looks at, ought not to make 
ſhows that the US alter our Opinion, and to think immediately that the 
Ball deſcends, Ball is carried in a ſtreight Line: For if we obſerve, that 

the Cannon is not every where of an equal Thickneſß, 

Tab. Il. and that the Line AB by which the Mark is aimed at; 

Fig. 4 1; at firſt above, but afterwards below the Line of 

Direction CD; we ſhall conclude, that if the Ball hits 
the Mark, it has doubtleſs fallen a little, or elſe it would 
have gone a little above it. 4 2 
g. Vyhat i 8. As there are Compound Motions, ſo alſo are there com- 
meant by com- pound Determinations, and, it may be, when the Motions 
pownd Derer- are the moſt ſimple that can be: Thus we ſay, a Deter- 
mination is compounded of two others, when a Body 
moving in a ſimple Line to a certain Place, is at the ſame 
Tab. II. time carried two different Ways; as if the Body A be 
Fig. . moved with a ſimple Motion from A to B; becauſe at 
the ſame time, it continually approaches the Lines BC, 
BD, we ſay, that the Determination, by which it is carri- 
ed from A to B, is compounded of two others, one of 
which would make it go towards D, and the other 
at the ſame time carry it from A to C; and theſe Di- 
ſtances are the Meaſure of its Progreſs towards theſe dif- 
ferent Parts. { 
9. That os 9. For the fame Reaſon that we conſider any one De- 
and the ſame termination as compounded of two ſimple Determinations, 
— may as well conſider it as compounded of innumerable 
compownded of Others. Thus the Determination from A to B may be 
many dife-; conſidered as compounded of the Determinations from A 
Leut ele. to E, and from A to F; becauſe when the — A 
moyesfrom A to B, it continually approaches BE and BF 
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alſo, from which it was diſtant by the Length AE and 


AF ». 


x. From this Principle, the Me- 
thod of explaining the Forces of the 
Mechanick Powers (as they are cal- 
_ may excellently well be de- 


For ſince a Body with two uni- 
ted Forces, always deſcribes the Dia- 
—— a Parallelogram, in the ſame 

ime, as it would do the Sides, if 
the Forces were ſeparate; it is evi- 
dent, that any Force whatſoever, a&- 
ing ina giv ection, may be look - 
wr, upon as the Effect of two other 


Forces acting in Directions, which N 


at the ſame Point, ſhall on each fide, 
be any way inclined to the given Di- 
rection, provided they make an An- 
os than two right ones: And 

is is abundantly confirmed in Me- 
chanicks, for by ſuch a Reſolution 
of 2 given Force into two others, 
the known Properties of the Mecha- 
nick Powers, ſuch as the Ballance, 
the inclined Plain, &c. may eaſily be 
deduced. 


Of the Ballance or Leader. Prop. I. 


If two Forces, which act upon the 
Arms of a Ballance in given Dire- 
Rions that are in the ſame Plain 
with thoſe Arms, ballance one ano- 
ther ; \theſe Forces are to each other 
oy amy. as Perpendiculars let 
fall from the Center ot the Ballance, 
to their Directions. 


DEM.---(See Newt, Princ. pag. 14.) 


Let C be the Center of the Ballance, 
Cp, CP the Arms, Ep, 
— xx. PA the Directions of —— 
ig. 1. Forces acting upon 
Arms 8 Let CE 
be drawn perpendicular to pE, and 
CD to PA, meeting them in E and 
D. On the Center C, and with the 
Radius CE, vix. the longeſt of the 
iculars, let a Circle be de- 
ſcribed which ſhall interſe& the Di- 
rection of the Force P in A, and let 
the Line CA be drawn. To which let 
AG be drawn perpendicular, and CF 
parallel, meeting DPA in F. 

It is evident, that the Arms of the 
Ballance CP, C » may be looked up- 
on as Lines that will not — 
ing in the Plain moveable about 
Center C; and the ſame may be 

of any other Lines drawn 


| through the Center C, and lying in 
the ſame Plain. Now fince it is ma- 
nifeſt, that there is no difference in 
what Points of the Lines, in which 
. the Forces P and p act, thoſe Forces 
are placed; ſince whereſvever 
are in thoſe Lines, they will have 
exactly the ſame Power to turn the 
Plain CDApE about its Center: the 
Forces P and p may be ſuppoſed to 
be in the Points A and E. Then the 
Force P, ſuppoſed to be in A, ma 
be reſolved (as was before obſerved} 
into two other Forces: One of whi 
may a& according to the Line CA 
produced, and the other, according 
to the Line AG; 
to each other as FG to GA, but each 
of them ſingly to P, as FG and AG 
ſingly to AF, as will be evident, if 
the Triangle AGF be compleated in 
the Parallelogram AGFg. it is alſo 
manifeſt, that the Force, which is as 
FG, and which acts according to the 
Line CA h che Center 
of the Plain, does nothing at all to- 
wards turning that Plane about the 
Center C; but the Force which is as 
AG, and which draws the Line CA 
ndicularly ; fince, by the Hypo- 
Mels, it ballances the Force p, which 
=_ the Line CE, _ — os (by 
tract ion pendi y , it 
muſt n ly be equal to it, 
Wherefore p will be to P as AG to 
AF; or as (by reaſon of the ſimi- 
lar Triangles FGA, ACD) to CA or 
CE : That is, the Forces p and P are 
to one another 8 as Per- 
pendiculars let fall from the Center 
to the Lines in which they act. 


Coroll, 


If the Arms lie in a ſtreight Line, 
and the Dererminations of the Forces 
be parallel, it is evident, chat the 
Forces are reciproaclly as the Length 
of the Arms. 

2+ Hence alſo, in the Angular Bal - 
lance PCp, which turns 
above the immoveable Tab. XX. 
Center C; the Situation Fig, 2, 
which it will be in, when 
any two — Bodies are fixed to 
the Ends P and p, may be determi- 
ned. For if the Line Pp which joins 
the Ends of the Ballance be divided 
in reciprocal —— to the 


n he Point of Divion 
6 ola * 


and which may be 


10. That it 
is not ws 9 
to com ſi- 
22 all the 
Determina- 
tions of which 
One may be 


compoſed. 
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10. But it is not neceſſary to conſider all the fim 
Determinations, of which one may be compoſed: 1 
hg jc cient 


T be made in the Line CT drawn 
through the Center, parallel to the 
Direction of the W eights : I ſay it is 
done: For PD and pE being drawn 
parallel, and DCE perpendicular to 
CT; it is evident that DCE is di- 
vided in C, in the ſame Proportion 
that PITp is be Carola. — — 
Weights may to a- 
ced iN the Points D and E. Where- 
fore this will be the Situation ot 
the Points P and p, that is, of the 
Ballance it ſelf when che Weights are 
in æqnilibrio. 


3+ In the Ballance or Leaver, it 


is evident, that two For- 
Tab. XX. ces, ſuch asP and p, which, 
Fig. 1» when che Balance librates 
| to and fro, are recipro- 
cally as the Velocities of the Points 
D and E, reckoned according to the 
Directions of thoſe Forces, will bal- 
lance each other, | 4 


of the inclined Plain. Prop. II. 


— a — a given py 
pports a Weight u an incl 
Plain; that — * the Weight, 
as the Sine of the Inclination of the 
Plain, to the Sine of the Angle which 
—— the Line in which che 
Force acts, and the Line perpendicu- 
lar to the Plain. 


D E M. 


Let AB be the inclined Plain, P the 

5 Weight ſupported, DP 

Tab. XX. the —— of the Force 
Fig. 3. Which ſupports the Weight. 
* Let PC 2 — — 
dicular to AB; and from the Point 
C, let CB be drawn parallel to the 
Horizon, and perpendicular to the 
common Section of the Plain and the 
Horizon, meeting the Plain in B; 
and CA perpendicular tothe Horizon 
and alſo to CB, meeting the Plain in 
A, and the Lane in which the Force 


acts in V. 
Now P be conceived to be 
held unmoved by three Forces acting 


ether - one ot which is the Force 
the Weight it ſelf tending down- 
wards in a Line parallel to VC; the 
Second is the Force acting in the 


Line PPV ; and the I hird is che Re- 


ſiſtance of the Plain it ſelf, acting in 
the Line CP pi icular to the 
lain: Bur theſe three Forces are to 
each other ( from what was ſaid he- 
fore) as the Sides of the Triangle 
VPC 3 as will be evident, by draw» 
ing a Line through P parallel to VC, 
and compleating the Parallel 

The Force therefore is to theW eight 
which it ſultains, as PV to VC; 

is, as the Sign of the Angle VCP, or 
ABC, to the Sine of the Angle CPV 
or CPD. 9. E. D. 1 e * 


Coroll, 


I. If the Points V and A coincide, 
that is, if the Force acts accordin 
to the direction BA, the an 
will be a right Angle; and wy 
in that Cate, the Force is to 
Weight; as the Sine of the Inclina- 
tion of the Plain, to the Radius, or 
as the Height of the Plain AC, to its 
Length Ab. And in this Caſe, the 
Force which is required to ſupport a 
given V. eight is leaſt of all; 
the Proportion of the Sine of the 
3 — Plain, to the Radi - 
us; is its Proportion to an 
other Sine whatſoever. F 

2+ If the Point V falls above A; 
the greater the Angle APV is, ſo 
much the more Force is neceſſary to 
ſupport the given Weight upon the 
Plain AB. Inſomuch, that by in- 
cr the Angle APV, the Propor- 
tion of the Sine of the Angle ABC, 
to the Sine of the Angle CPD, is al- 
o one > — — — 3 
I parall 3 es VC , 
CPD for 222 
and the Weight will alſo become e- 


_ $0 likewiſe, if the Point V falls 
below A, as at uv, the Force requi- 
ſite to ſupport the given Weight, is 
in increaſed ; the Angle AP bei 
increaſed, till Pv, V C me 
the Force and the Wa will be- 
come again. Further, when 
the Pogo PC coincide, and the 
Angle vPC by that means 'vaniſhes 
the Sine of the Angle ABC will 
bear an infinite Proportion to the 
Sine of that; that is, no finite Force 
whatſoever, acting in a Line per- 
pendicular to the Plain, will be able 
i 10 


— 


"—_ mg 
—_ — 
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gcient to conſider thoſe which we have occaſion for in 

the explaining any Difficulties ; herein imitating Geome- 
ders, 


ſuppore the Weight upon the 4 ED, ed. Let EF, ef be drawn 
Plain, parallel to AB, and DF, df, 

4. If che Line in which the Force | lei to GC, ſo as to form the 'Trian- 
ads be lel to the Baſe of the | gles DEF, def. Now each of the 
Plain, Weight is to the Force | Forces ED, ed, may be imagi- 
which ſa it, as BC to CA, or as | ned to be reſolved into two o- 
the Baſe of the Plain to the Height | ther Forces, which are to each other 
of it. | 35 ZF to FD, and ef to fd: And 

5. If from the Point P, PF be | to a& in thoſe Lines: And thoſe 
= let fall perpendicular to | two, which ate as EF, ef, becauſe 
= Tab. XX. BC, and from the Point _ are equal, and oppoſite, will 

Fig. 4 C, CG perpendicular to | deſtroy each other. But the Force 
VP; it will eafily ap- | which acts upon the Baſe AB, in the 
„that PV is to VC (that is, & Line GC; e it ſupports the 
orce is to the Weight) as CF to CG, two other Forces FD, j4, both 
Wherefore the Force and the Weight | which are the ſame way, and act in 
will then ſupport one another upon | 4 contrary Direction to that Force 
an inclined Plain, when they are to |. open the Baſe; is therefore equal to 
each other reciprocally as Perpendi- | the Sum of them. The Force there - 
culars drawn from the Point C to the | fore acting upon the Baſe of the 
Lines in which they act; (or, if | Wedge, is to the Sum of the Forces 
GCF be looked upon as an angular | nag yon its Sides as DF + 4 
Ballance moveable about the Center to DE = 4e or (by the ſomilar Tyi- 
C) reciprocally as the Velocities of | angles) AG + GB that is AB to 
the Points G and F reckoned upon |} AC +- CB. 
the Lines in which the Forces ad. | 


Coroll. 


Of the Wedge. Prop. 3. . 
n The Velocities of the Wedge, and 
If three Forces acting togther up- | of the Body reſiſting it, er in 
on an Iſoſceles Wedge, in Lines per- | the perpendicular Direction before 
pendicular to the three Plains of | explained, are to each other recipro- 
the Wedge; two of which Forces, | cally as the Force acting upon the 
viz, tho upon the Sides are | Baſe, to che Force acting upon the 
equal to each other, and the Direction J Sides of the Wedge, whentheſe For- 
ot the Third which acts upon the | ce are in æquilibrio. 
Baſe of the Wedge, paſſes through its For when the Wedge ABC is dri- 
Vertex; if, I ſay, theſe three Forces | yen up to the Top, or is 
each other, the Force acting | in the Situation abc, it Tab. xX. 
___ the Baſe, will be to the other | is evident, that the Parts Fig. 6. 
Iwo, as the Baſe of the Wedge, to | of the Body that is cleaved, 
the Sum of its Sides, have receded from each other, the 
Length g 4 or GD, in che Direction 
of the Line perpendicular to AC 
DE M. or ac; GC theretore is the Veloci- 
ty of che Wedge, and GD the Ve- 
Let ABC repreſent a Wedge; and | locity of the reſiſting Body, But (by 
ler CG be perpendicular | the ſimilar Triangles) GC is to GD, 
Tab. XX. to AB, and GD, G4 | as AC to AG, that is, as AC - CB 
Fig. 5. 8 to AC, | to AB. And the Proportion will be 
C; and theſe will be evidently the ſame, whatever Sicu- 


the Directions of the three Forces. | ation the Wedge be in, between the 

la the Lines GD, Gd produced, let | Parts of the Body to be cleaved 
DE and de be taken equal to each | by it. 

other, which may therefore repre- 

the two equal Forces, which act 

upon the Sides, in che Directions 


G 4 of 
/ 


4 
— JF 


Of the Srrew. 
A Definition, 


If the Plain of the Triangle ABC 

(whoſe Hypothenuſe re- 

Tab. XX. preſents ſuch an inclined 
Fig. 7. 


lain, as was explained 

above in the 2d Propoſi- 

tion) be conceived to be ſo fitted to 
the Concave Superficies of a hollow 
Cylinder (the Circumference of whoſe 
Baſe is equal to the Line BC) that, 
the Plane ABC coinciding wath the 
— 72 wo the Cylinder, the Line 
BC may be bent into the Periphery 
of a Circle equal and parallel to the 
Circumference of the Baſe; the Line 
BA will form a kind of Spiral, aſ- 
cending upon the Cylindrical Super- 
ficies, and ſurrounding it once: So 
likewiſe, if ſeveral Planes, ſuch as 
A ac, equal and fimilar to the for- 
mer, and whoſe right Angles are 
ſubtended by the Line BA produced, 
be imagined to be fitted in the ſame 
manner, to the ſame Superficies, di- 
ſtant from each other, by the Space 
AC or ac (their common Height) 
there will be many Spirals formed by 
the Lines Aa, &c. all continued 
from one to another, and each of 
them once ſurrounding the Cylindri- 
cal Superficies, Further, if other 
Planes fimilar and equal to ABC be 
conceived in the ſame manner to be 
fitted ro the gibbous Superficies of 
another Cylinder, whoſe Baſe is e- 
qual to the Baſe ot the Concave Su- 
perficies of the former Cylinder; 
there will this means be Spirals 
formed in this gibbous Superficies, 
exactly like thoſe in the Concave 
one before. Now if the latter Cy- 
linder, which may be turned about 
its Axis, by means of a Leaver paſ- 
ſing through the Center of either of 
its Baſes, and lying in the Plane of 
that Baſe, be imagined to be fo pla- 
ced within the former Cylinder, 
which is fixed and 3 pay age that, 
the * eeing, the Spirals 
formed in ack Reva ies, may a 
ee with one another alſo; and if it 

be ſo contrived, that they ſhall al- 
ways thus agree, when the interna] 
Cylinder is turned aboutits Axis, and 
its Baſerecedes from or approaches to 


phe Baſe of the extergal Cylinder; it 


| 


| 
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ters, who do not draw from one Point all the Lines 


that 
Can 


is evident, that two Screws, the 
Male and the Female may be con- 
ceived to be thus generated. 


Prop. 4. 


In the Screw, as the Altitude of 
one Spiral, is to the Circumference 
of the Circle, whoſe Radius is the 
Leaver by which the internal Cylin- 
der is turned round; fo is the Force 

icularly applied to the End 
of that Leaver, to the Weight lifted 
up the Screw, when the Force 
and the Weight are in equilibrio, 


DE M. 


Let the Axis of the Screw be per- 
pendicular to the Hori- 
zon ; and the Poſition of Tab. XX. 
the Leaver, by which the Fig. 8. 
internal Cylinder is turn- 
— about — Axis, ng ae ee ec 

Ler the Weight 

where in the Laue of the 1 
and then that Weight, by means of 
the internal Cylinder, will preſs with 
equal Force (in Directions perpen- 
dicular to the Horizon) upon every 
individual Point of the Spirals of the 
external Cylinder ; and the Sum of 
the Forces with which all thoſe 
Points are preſſed, will be the ſame 
as the whole Weight to be lifted 
up- But let us firſt conſider the 
Force, or that part of the whole 
Weight, which prefles upon any one 

ticular Point. Now it is eaſy to 

„chat the ſame Force, in a hori- 
zontal Direction, which is able to 
ſupport the Weight, which preſles 
upon any -one Point of the Spiral, 
upon the inclined Plain of which 
that Spiral is formed; that fame 
Force with the ſame Direction, is 
alſo ſufficient, to ſupport the ſame 
Weight upon the Spiral; and that 
there is plainly no difference, whe- 
ther this Force be immediately a 
plied to the Point which is pr ; 
or be in any other Line touching the 
Baie of the internal Cylinder. Let 
BC therefore be the Cireumference 
of that Baſe; AC the Radius; AG 
the Leaver by which the internal Cy- 
linder is turned about its Axis; FGH 
the Circle deſcribed by the Radius AG. 


Theſe Things being ſuppoſed ; from 
what has been ſaid, together _ 


— ee. 


* 2. W 5 


noone, reer , 


— — „ 2 
—— 
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can be drain from it, but ſuch only az they think 
be of e in their Demonſtrations. 


Definition of a Screw, and the 
Coroll. of the 2d Prop. it fol- 
Jows, chat, as the Height of one Spi- 
rat; to the Periphery BC, fo is the 
Force applied to the Point C, in a 
Direction perpendicular to AC, to 
that part of the whole Weight, which 
that ' Force ſupports upon any one 
int of the Spiral. And (by zhe 
Peary of the Leaver) as the Cir- 
cumference BC, is to the Circumfe- 
rence FEI; (that is, as AC to AG) 
ſo is the Force exerciſed in G to the 
Force exerciſed in C, becauſe the Di- 
rections of theſe Forces beifig paral- 
lel, they have ual Power in the 
Leaver ACG, whoſe Center is A. 
Therefore (equaily by Perturbation) 
as the Height of one Spiral to the 
Periphery FH; ſo is the Force which 
exerciſed in G, ſupports that part of 
the whole Weight, hs which any 
one Point of the Spiral is preſled; to 
that part of the Weight it ſelf: And 
as the Force which ſupports that one 
cular Part of the whole Weight, 

15 to that one particular part of the 
Weight; ſo is the Force which, act- 
ing in the ſame Direction, ſupports 
ll the Parts of the Weight, that is, 
the whole Weight; to all thoſe Parts 
__ that is to ſupport the whole 

eight, Therefor ez . Q. E. D. 


Coroll. | 

The Circular Velocity of that 
Force by which the Screw 1s turned 
round, and the Velocity 
Weight which is lifted up by means 
of the Screw, are to each other re- 
ciprocally as thoſe Forces when they 
are in equilibrio, For it is evident, 
that in a whole Revolution of the 
Leaver, the Weight is raiſed juſt the 
Height of one Spiral, and that in 
every Part of the Revolution, the 
Weight is raiſed proportionably. 


Of the Pulley or Windleſs. Prop. 5. 


Ir is evident, that the Pulley may 
be accounted for, in the ſame man- 


of the, 


ner as the Ballance or Leaver, in 
which the Forces are imployed ei- 
ther on the ſame Side of the Center, 
or on both Sides: Which, when they 
are in æquilibrio, are to each other re- 


ciprocally as — — let fall 


from the Point Which repreſents the 
Center of the Leaver, to their Dire- 
ctions. an hence 2 2 of 
Engines, which co of many 
Pulleys, according as 2 are diffe- 
rently framed, may y be ex- 
— If the Compoſition of the 

ies, or the manner of framing the 
Windleſs be ſuch, that the Ropes 
which are fitted ro the Pulleys, are 
parallel ro one another; and the 
Weight be ſo ſuſpended in the midſt 
of the Ropes, as to draw every one 
of them with equal Force, it is ſelf 
evident, that the Force, is to the 
Weight which ic ſupports ; as One, 
to the Number of Ropes. For when 
that Force is applied to one of the 
Ropes only, it is directly oppoſed 
to that part only of the whole 
woe which draws that Rope ; 
the Pin to which the Windlels is 
fixed, ſupporting the other Parts of 
the whole Weight, 

It is alſo evident, that in this En- 
gine, the Force and the Weight, 
when they are in equi/zbrio, are to 
each other 1 Ve- 
locities, when the Force raiſes the 
Weight, For it is manifeſt, that 
theſe Velocities are to each other, 
as the Decreaſe of the Log of all 
the Ropes which ſupport the Weight 
taken together, to the Increaſe of 
the Length of the Rope to which 
the Force is applied, in the fame 
time; and that juſt ſo much as is 
loſt in a given time in all the Length's 
of the Ro _ ſupport the 
Wel 3 * me 15 1 » 
in de kme n the one Length 
of that Rope to which the Force is 
applied. 


| 
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CHAP. XV. 
Of Reflexion and Refrattion, 


; 12 we may apply what has been ſaid to ſome Ad- 
Ten vantage, we ſhall, by the help of it, explain the 
and Refa. Manner of Reflexion and Refraction. But to avoid the 
tion. Error of the Antients, who confounded theſe two Things 

ther, we obſerve; that by Reflexion is meant nothi 
e but the ing, or Alteration of the Determination, 
when a Body in Motion, ſtrikes againſt another Body 
which it cannot penetrate; and by Refraction is meant the 
Bending or Alteration of the Determination, when a Body 
in Motion, paſſes out of one Medium into another, which 

receives it with more or leſs > 0x 7, 

2. An In- 2. Suppoſe, for Exam that the y A, which is 
Hance of Re- perfectly hard, moves with a ſimple Motion, in the Line 
Neeb. 11. AB, and that it meets with the Body CDEF, which I 
Fig. 6. ſuppoſe to be perfectly hard likewiſe, and not to be ſhaken : 
Then, from what has been faid, it follows, that the Body 
A 1 ought to continue in Motion, becauſe it does not 
communicate any of its Motion,, and it t to be 
ſtruck back, it cannot go on in a ſtreight Line: 
But let-us'fee how, and which way: And that we may 
not multiply Difficulties, we do not now conſider, what 
will ariſe from its Bigneſs, Figure or Gravity : Let us 
ſe likewiſe, that the Air makes no Refi to it, 
Thi being Apposcd, k Erk be deſcribed en the 

That the + This being ſup „ let a Ci cribed on t 
angie of Re- * — A, and with the Diſtance BA; and for the ſame 
ie Reaſon that the Body A comes from the Circumference 
"7agle of I- to the Center in a given Time, it ought to go from the 
licence. ſame Center to ſome Point of the Circumference of this 


Circle in the ſame Time: Now to determine that particu- 
BH be drawn cular to the Superficies CF, and 
the Line AHI, parallel to that Superficies : Now we may 
obſerve, that though the Body A is carried with a ſimple 
Motion, it is however true, that with reſpect to the 

dy CDEF, its Determination in the Line AB, is com- 
pounded of two others, the one of which makes it 
towards the right Hand, by the Length of the Line 


1. Onght to continue in Motion) See above, Chap. x. Art. 13. | 


. 
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or which is equal to it, GB; and the other makes it come 
downwards towards GB, by the Length of the Line AG. 
Now we may further obſerve, 1 that the Body CDEF 
reſiſts the Determination downwards, but that it does not 
at all reſiſt the Determination towards the right Hand, 
that is, that part of the Motion which is determined to- 


wards the right Hand, which conſequently 2 ought to 


n_ 7 So that the Body A having in a gi 
— Time with this Determination, ed the 


Space contained berween the Lines AG, HB, that is, mo- 
ved the Length of the Line AH or GB, it ought in the 


fame time to paſs through an equal Quantity again, or 
which amounts to the ſame Thing, it ought at the End 
of this Time, to be found in the Line IL, which I ſup- 


ww to be icular to the Superficies CF, and the 
e Diſtance from HB, as HB is from AG. So that, 
to ſatisfy that part of the Motion which is towards the 
Right, which does not alter at all, we find that the Body A 
at a certain Moment of Time, ought to be ſomewhere in 
the Line IL. But to fatishe the whole Motion, we have 
before ſhown, that it ought in the ſame Moment to be 
ſomewhere in the Circumference of the Circle: There- 
fore, that theſe two may be both ſatisfied together, we 
ought to conclude, that it will at the fame Time, be in 
the Circumference of the Circle, and in the Line IL to- 
gether; which can be no where elſe but in the Point I 
which is common to them both. Thus we ſee the Bod 
A which _— move in the Line AB, is reflected in 
BL, which makes with the Superficies C the Angle 


I. That the CDBEF refifis the | This is carefully to be obſerved, be- 
Determination) If the incident Body ] cauſe it is neceſſary ro the com- 
A, and the Body DEF upon which | pleating this Demonſtration, by 
it ſtrikes, are void ot all Elaſticity ; | which it appears, that the Angles of 
the Body CDEF not only reſiſts this | Incidence and Reflexion are equal. 
perpendicular Determiuation, but en- For the Nature of this Elaſtick Force 
tirely deſtroys all the Motion that being rightly underſtood, the De- 
ariſes from that Determination 65 monſtration concerning the reflect - 
the Notes on Chap. x. Art. 13+) fo | ing of Elaſtick Bodies, will hold in 
that the Body A, is afterwards mo- | the ſame manner as in perfectly 
ved, with the other part of its Mo- hard Beches, according to the Au- 
tion only, along the Superticies BLF. chor's Principles. See further, the 
But if either, or both theſe Bodies | Notes on Chap. xi. Art. 6. Tab. II. 
be perfectly elaſtick, then a new | Fig. 6. 

Motion will be impreſſed upon the 2. Oug ht to continue as it began) 
Body A, equal to the Motion which | Hence it follows, that the Lines of 
was loſt, and with a contrary De- Incidence and Repercuſſion are in 2 
termination; ſo that, when it comes | Plane perpendicular to the Superfi- 
to the Superficies GL, with the De- cies of the reflecting Body, See the 
termination AG, it will then recede | Notes on Chap. xxxive Art. 2. 

from it with the Determination LI. 


- 
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wards F, this So bending, 2 meaſured by the Angle 

EBF is what we call Refraction. 
5. Another F. If the Body A, after it is arrived at B in the Line 
_ AB, inſtead of being turned towards F, is turned to- 
Tab. 1. Wards G; this is Refraction alſo, but of a different. Sort 
Fig. . from the other: Now in order to diſtinguiſh theſe two 

Sorts of Refrattion, let the Line HB, be drawn thro 

the Point B, where the Body A paſſes out of one Me- 
dium into the other, pe icular to the Superficies CD, 
which divides the two Mediums, and the Kind of Refra- 
ction is determined, by the Approach to, or Receſs from 
this Perpendicular. For Example, if c Body which 
moves along the Line AB, when it is turned out of the 
way, afterwards moves along the Line BF, this is called 


Refrattion from the Perpendicular ; but if it afterwards 
moves along the Line BG, then it is called Refraction to 
the perpendicular. 


6. When « 6. Theſe two Sorts of Refractiom have been obſerved a 


= 14 long time, but the Cauſe of them was not at all known. 
Courſes we And we may venture to ſay, that this is one of thoſe 
af: think, Things which the Antients were ignorant of, and the 
ith ſn. Diſcovery of which is owing to one of the principal Men 
h ſome ; ; I" Ten 
Ob/acte on Of this Age; and agreeable to his Opinion, I thus explain 
| | 5.552%, . this Matter: Since we are ſure, that every Thing, as 
earns, much as it can, perſiſts in that State in which it is; after 
we find by Experience, that a Body quits the ſtreight 
Line in which it began to move, we muſt neceſſarily 
think, that it has met with ſome Obſtacle on that part 
Tab. II. from which it removes: Thus, if, when the Body A is 
Fig. 1. come to the Point B, it is turned out of its Courſe to- 


wards the Point F, we ought to conclude, that it meets 


1. Which eafily be demonſtra- I gles, by the Hyp. Therefore che Tri- 
| l. = GB by — es ILB, AGB are equal and fi- 
iP Tab. II. the Hypothelis ; and | milar. 
| Fig. 6. LI Ex, becauſe GL | 2. Meaſured by the Angle ** 
| and Al are parallel, and | See the Notes pen Art. 11. of this 
the Angles L and G are right An- | Chap. h 
WI 
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with more Reſiſtance on the Side M, than on the Side 

N; and if it is turned toward G, we have Reaſon to 

think, on the contrary, that it has met with more 1 

Reſiſtance on the Side N, than on the Side M. 1 
7. We may reaſon in the ſame manner, in order to . That the 

determine on which Side, a Body moving out of one fi, ru 

Medium into another, will be turned. For ſince we be- from the Me- | 

fore knew, that the unequal Reſiſtance, which a Body Ka gen | 

in Motion meets with on different Sides, (according to grearep Re- 


the different Megiums thr which it paſſes) would Vance to ir. 
force the Body to turn out of its Courſe, and to remove 
from that Side where it finds the moſt Reſiſtance 3 when 
once we come to know, that there is more Reſiſtance on 
the one fide than on the other; we conclude, that it will 
turn out of the way, by removing from the Medium 
where the Reſiſtance is greateſt. And thus when we once 
come to know that Water reſiſts the Motion of a Ball 
more than Air, we ought to think, that the Ball which f 
moves in the Air from A to B, in paſling into the Wa- | 
ter which is below B, will turn towards F, and fo will 
recede from the Perpendicular. 

8. This may be applied 1 to all forts of Bodies, and to 8. The Fay 
all ſorts of Mediums, and therefore we may lay it down — 
for a Maxim, that when a Body paſſes obliquely :icalar for: of 
out of one Medium into another, which makes a greater «ion. 
Reſiſtance to it; it ought ſo to turn as to remove from the 
Perpendicular, and, on the contrary, when it paſſes out 
of one Medium into another, where it finds leſs Reſiſt- 
ance ; it ought to be ſo turned, as to apprgach towards | 
the Perpendicular. 

9. I expreſsly added, that the Body which paſſes out 9. Ther 4 
of one Medium into another, muſt fall obliquely upon the | = Aman 
Superficies which ſeparates the two Mediums, in order to Scale ap- 
berefraQted ; for if it falls perpendicularly upon this Super- n another, 
ficies, as there is nothing to reſiſt its Motion more on the — 
one {ide than on the other, ſo it ought not to be turned 47 all in en- 
out of its courſe at all, 2 but to continue to move in the e. 
lame Line. 

10. The 


1. To all Sorts of Bodies) For this | 38.) or to ſpeak more truly, it acce- 
Reaſon the Rays of Light which | lerates the Motion of Light more b 
paſs out of Air into Water, are reflect attracting it; as will be ſhown af- 
ed towards the perpendicular, contra- | terwards. | 
Ty to what we ſee in a Ball thrown 2. Bnt to continne to move in the 
our of our Hand; becauſe Water | ſame Line) Yet ſome have thought, as 
- Which reſiſts the Motion of the Ball J. Voſſias, Willebrord Snell, that they 
more than Air, on the contrary, re- | have ſeen a perpendicular Ray of 
ſts Light leſs. (See Chap, 27+ Art. Light, ſome way refracted and _ 
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2 The exact Quantity of the Refraction of a Body 
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paſſing obliquely out of one Medium into another, may 


refradted Bo- De determined, provided we know how much the one Me. 


ab. III. 


fraction is 
ma 


Tab. III. 
Fig. 2. 


dium reſiſts its paſſing more than the other. Suppoſe, for 
Inſtance, the Line CD ſeparates the two Mediums, the 
upper one of which is Air, and the under one Water, and 
that the Water reliſts the Motion of the Ball A twice as 
much as the Air; then let us imagine, that this Ball has 
run the Length of the Line AB with ſuch a Velocity, as 
takes up a Minute, and is then ready to enter the Water 
obliquely: and that the Thing may be the eaſier apprehend- 
ed, we meddle not with what _ _ on the ac- 
count of the Bigneſs or Weight of the Ball. Let us ima- 
gine further, that its Motion in the Air has been all along 
uniform, and that after having loſt half its Velocity by 
meeting with the Superficies of the Water, it loſes no more, 


though it finks never ſo deep; for the Deviation 1 is 


made only in the Superficies, and the Water which reſiſts 
all its Parts equally, can only make the Ball take up more 
or leſs Time in moving through a given Line, and not 
cauſe it to move out of it. | | 

11. This being ſuppoſed, having deſcribed a Circle on 
the Center B, and the Diſtance AB, let us conſider, that 
the Ball having taken up a Minute of Time in moving 
from the Circumference of the Circle to the Center, 
where it loſes half its Velocity, a_ afterwards to take 
up two Minutes in moving from the Center to any Point 
in the Circumference : Now in order to determine where 


this Point ought to be, we obſerve, that the Mo- 


F tion, yet 
its Determination in the Line AB, with reſpect to the Su- 
perficies of the Water, is really compoſed of two Deter- 
minations, one of which cauſes it to move from the Left 
regents ner” ge ares page the Lines 
AF and BG, which are perpendicular to the Superficies 
of the Water, that is, the Length of the Line AG or FB; 


the other Determination makes it deſcend downwards the 


Length contained between the two Parallels AG, CD, 


that is, the Length of the Line AF. We muſt further 


trated into it ſelf 3 which is, becauſe | neareſt to us. But for the real and 
when we look upon any Thing in | manifeſt Refraction of perpendicu- 
* * to be nearer us — n 
n ĩt really is; ſo that herein ſeal, ewt. Opt. pag. 229. 
falſely alcribed that to — 2. Is made only in - 4 
(of which there is none in the per- | It is otherwiſe in the Reflexion an 
—— which — — be = Refraction of Light. See below, 
to the diverging of obli $ | Chap, XXVU. Art. 35. 37+ 
— from the Point ws 
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obſerve; that the Superficies of the Water reſiſts the De- 
termination downwards, which conſequently muſt be al- 
tered ; 1 but it makes no Reſiſtance at all to the Deter- 
mination from Left to Right, wherefore this will not be 
at all altered, but the which moved in this manner 
the Length FB during the Minute which it took up in 
going from the Circumference of the Circle to the — 2 
ter, ought to move twice this in two Minutes, 
in going from the Center to the Circumference: Let 
BL therefore be taken equal to twice BF, and the Line 
ELM drawn perpendicular to CD, and the Ball ought 
to be found ſomewhere in this Line, two Minutes after 
it has parted from B; but it was before ſaid, that it ought 
at the fame time to be in the Circumference of the Cir- 
cle alſo; whence we conclude, that the Ball will be at the 
fame time in this Line, and alſo in the Circumference of 
the Circle; that is, in the Point M, where they interſect 
each other. So that inſtead of continuing its Courſe in 
the Line AB uced to N, it will be carried along the 
Line BM, which is from the Perpendicular, 2 the 
Refraction will be meaſured by the e MBN. From 
what has been faid, it is Jo „ that if the lower Medium 
had reſiſted the Ball /zfs the upper one, the Refraction 
ö have been contrary, that is, to the Perpen- 

12. Without altering any 
the Difference of the Reſiſtance of the two Mediums, 
and the Velocity of the Ball, let us now ſuppoſe, that 


the Ball, in order to go to the Point B, comes from ano- #qze. 


ther Point more diſtant from the Point P than was ſup- 
poſed in the former Example, ſo that the Line FB which 
is the Meafure of the Determination towaras the right 
Hand be longer than half the Radius of the Circle, and con- 
ſequently the Line BL, which is twice as long, be longer 
than the whole Radius; it ought to follow, according to 
the foregoing Reaſoning, that the Line ELM will fall with- 
out the Circle, and not interſect it at all; And fo our 


1. But it makes no Reſiſtance) | mathematically the Nature of Re- 
Bur it does reſiſt that Determination fraction. 
alſo, as it enters; tor the Ball in en. 2. And the Refraftion will be mea- 
ting. ſtrikes or rubs agaĩ it the far- | ſwred) It is a right Obſer- 
ther part of the Hole which it enters vation of Cartes here, that Tab. III. 
into: for which reaſon, and becauſe | Refrattionmiverſally and Fig · 2. 
the Motion of the Ball is aftervw/2rds | in al. Incidencies is to be 
perpetually retarded as it palſes | meaſured by the Proportion of the 
through the Water which reſilts it, Lines AG and OM, and not by the 
thisInſtanceis not ſufficiently accom- | Angles ABO, and HRM or NBR. 
modated to explain accurately and See Cartes's Dioptr «Chap 2s Art. 7. 

| Ary 


Thing -before ſuppoſed as to 12. The df. 


- *ROHAULT's SysTEM Pant 
ent ſeems to conclude, that the Ball ought to he 
in two different Places at the ſame time, viz. in this Line, 
and in the Circumference of the Circle; which is im. 
poſſible. | 

13% That « 13. It muſt be confeſſed, that here is ſome Miſtake, 
=_y which whenceſoeyer it ariſes; for every Argument that leads to an 
— Impoſſibility, is defective either as to the Form or as to 
vorher, ought the Matter of it. But let us not imagine that there is 
rate fr any Fault in the Form of this Argument which ſeems to 
all. conclude in an Impoſſibility ; let us rather ſay, that it be. 
ing concluſive, it 1s a certain Sign, that the Fault was in 
ſome of the Suppoſitions that were made. And fo indeed 
it was, for we ſuppoſed that the Ball, when it had loſt 
half of its Motion by meeting the Superficies of the Wa. 
ter, would enter into it, though it fell never ſo oblique, 
which is not ſo. For we. ſee by Experience in a Sea- 
Fight, that Cannon-Balls which are ſhot too oblique upon 
the Water, are reflected by the Superficies of the Sea, and 
kill the Soldiers upon the Decks of the oppoſite Ships. 
And we obſerve fame Thing in Stones which Chil. 

dren make Ducks and Drakes with in the Water. 


andthe _——— 
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CHAP. XVI. 
Of hard Bodies put into Liquors. 


r- Thatthe A LL that can be faid of the Place which a Body ought 


| P ofition of to A; ei . Li . "mT 
hard Bodie poſſeſs in any Liquor acco as it is more of 
pat into Zi. leſs heavy, does properly belong to de Hoare of Mo- 


Te # tion. For theſe Bodies are in Motion when they fink in 

Motion the Liquor, and they are in Motion alſo when they riſe 
from the Bottom, to the Superficies. 

2.That the 2. That we may not y any Thing therefore which 

iy 60h of may be of uſe afterwards, let ABCD be a Tub filled with 

907 conzain- Water, and ſuppoſe firſt, that this Water is upon the Le- 

ed in « Veſ- vel, that is, no one Part of the Surface AD higher than 

{-l: ought another; then Imagining it to be divided into a great ma- 

Tab. III. ny Columns, perpendicular to the Bottom of the Tub, 

Fig. 4+ let us examine one of theſe Columns, as EFGH. And 

firſt it is obſervable, that though this whole Column en- 

deayours to ſink down, yet it cannot, becauſe the ſmal- 

ler Columns, into which this may be ſubdivided, muſt 

bend at the Bottom of the Veſſel before they can return 


up” 
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upwards, but that they cannot do, becauſe they meet and 
ſupport each other, and are alſo ſupported by the little Co- 
jumns on all Sides of them, which tend downwards like- 
wiſe, and with equal Force. So that the Water in the 
Tub ought to continue * upon the Level, and to remain in 
perfect Reſt and Æquilibrio, if there be nothing elſe but 
ics own Weight to move or ſhake it. Whence it is ma- 
nifeſt, that if we 7 the Water in the Tub to be 
higher in one Place chan in another, that it cannot conti- 
nue ſo, becauſe thoſe little Columns of Water which are 
longer than the other, will have more Power to deſcend 
than they, and will never leave crouding them up, till the 
Surface of the Liquor is come to a Level, when they will 
all be in æqguilibrio with each other. Therefore when a 
heavy Liquor is contained in any Veſſel, we are to think 
that its eight diſpoies the Surface of it to be upon the 
Level, and that it will continue ſo, unleſs altered by ſome 
foreign Caule. 

3. Let us conſider further, that if there be put into the 3. Thar 4 
Water in this Tub any hard Body, ſuch as I, of equal —— 
Gravity with the Water; as its Weight would have nei- Lisner of e- 
ther more nor leſs Effect than the Water whoſe Place it 2½ Gravity, 
poſſeſſes; there is noReaſon why any Alteration ſhould be ;F,, — 
made in the Column EFG H, ſo that the Body I muſt . 
continue where it was placed. | 

4. But if we imagine this Body to be heavier, by an 4. #7t what 
Ounce, ſuppoſe, than a Quantity of Water of equal Bulk, 757 2 . 
it is manifeſt then, that all the Columns of Water will ;-- 55a 
not be in £quilibrio, but the Body will go to the Bottom, , este 7 
not with'its ordinary Weight, but only with the Diffe- — N 
rence betwixt that and the Weight of a Quantity of 
— of equal Bulk, that is, with the Force of an Ounce 
weight. 

5. But ſince Water was here taken only for an Exam- 5. That we 
ple, and the Reaſoning holds the fame, when applied to 5 7e. /e! 
any other heavy Liquor; we may affirm in general, that 1124+ of 4 
in ſupporting a heavy Body, we ought only to feel the »» Beds by 
Exceſs of its Weight above that of an equal Bulk of the en. 
ow in which it is. Hence it is, that we are not ſur- - 

ed to find by Experience, that a pretty luſty young 
Man who weighs a Hundred and thirty eight Pound in 
the Air, does not weigh above eight Ounces in the Wa- 
ter. But we have before ſhown, by many Experiments, 


. Upon the Lesel) That is, as to the Spherical Superfic'es of the 
dene. But in reality it is part of Earth. - 


H cha: 
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that the Air itſelf is heavy, wherefore we do not by our 
Senſes feel the true Wear of a Body in the Air, but on- 
ly the Difference of the Weight of the Body and of the 

ir; and conſequently, unleſs we are under any particu- 
lar Indiſpoſition, we ought never to feel our ſelves lighter, 
but only when the Air is heavier. 

6. That a 6. It is evident, that if the Body I, juſt now mention- 
Body which ed, had been ſuppoſed lighter than that Bulk of Water, 
renee #2 whoſe Place it ory the Column EFGH would not 


he Liquor, 
git Herde be heavy enough to be in £quilibrio with the reſt of the 
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Tab. m. AD, beneath which, ſo much of it will remain, as poſ. 
"2+ . flee 7 — Place of a Quantity of Water equal in Weight 
. to the 
7. How to. 7. Non wid has been faid, we may draw two. y 
fud whether important and uſeful Inferences. Firſt, That if 4 Bul 
weichs more put into any Looms fenks to 7 a1 3 is certain that 
or leſs than Body is heavier, than aft equal Bu the Liquor, but 
Bull of any & nine on the Top, it is an infallible Sign, that it is 
Liquor. ghter. | 


8. The wayto 8. Secondly, If a hard Body be put into two Liquors, 


find which is and riſes in the one, but ſinks in the other, the former 
— rung 7 af muſt neceſſaril be heavier than the latter. * 
Jur.. U . 


9. This 


It is worth while to explain, a | ter, Becauſe then the Column EFGH 
little more fully, and in better Or- | is heavier than the Columns which 
der, the Hydroſtatick Propoſitions, | ſurround it. See Art. 4. of this 
which are urged too briefly and con- Chap. 
fuſedly in this Chapter. 4. A Body, ſuch as I, heavier than 
1. Therefore. All Water gravitates | V Vater, ought to have juſt ſo mich 
in every Place, even in Water it ſelf | VVeight in V Vater, as it exceeds in 
(and the ſame is to be underſtood of | Y Yeight an equal Bulk of Y Vater. 
any other Liquor) and by reaſon of the | For ſince the Body A poſſeſſes the 
I Preſſnre of its Parts on all | Place of an equal Bulk of Water in 
des, its Smperficies ought to be plain | the Column EL GH; it is manifeſt, 
and level. This is demonſtrated iz | that by how much that Body exceeds 
' #he ſecond Article of this Chapter, | that = Bulk of Water in Weight, 
and by the famous Mr. Boyle in his | by juſt ſo-much is that Column hea- 
_ : Hydroftaticks. Paradox 1. vier than it was before, See Art. 4. 
2. A hard Body, ſuch as I, equal | of this Chapter, and Archimedes of 

| in Weight to a Quantity | Bodies put into Fluids, Prop. 7. 
Tab. III. of Water of the ſame Hence, fince the rtion of 
Fig. 4 Ball, put into Water, | Weight betwixt Gold and Water is 
; ought neither to ſink nor | known, Gold may be proved and 
riſe, but to reſ? in any Place. For | valued, by weighing it in Water. See 

the Column EFGH gravitates nei- | Bee s Hydroſtatick Medicine. 

ther more nor leſs than the Columns 5. Any Body ſuch as I, put into 
which ſurround it, and therefore it | Y Vater, is not only preſſed downwards 
- ought- to keep in eqwilibrio. See | by the incumbent Water, but is allo 
Art. 3. of this Chap. prefled upwards by the Water that 
A Body, ſuch as 1, heavier than | is underit. This is evident from the 
Vater, onght to ſink in the V Vas \ firſt Propoſition. See alſo Boyle's H. 
froſtaticks, Paradox 3+ 6. Tie 


— —_ RV 


9. This 


Our 
It on- Philoſophe 
F the 
̃ticu- 
ter, 

; 6. The heavieſt Body of all, ſuch 
_ as I, a Cube of Gold, if it be put 
ater, ſo deep into the Vater, that the 
not Depth of the V Vater from Et to the 
F the lower part of that Cube be twenty 
times as much as the Thickneſs of 1 
Iced is, that Cube will be ſo preſſed 


wards by the V Vater that is under 
it, that, if the incumbent LY Vater 
EIH were removed, it would not — 


eight For ſince the Cube I is juſt of the ſame 

Weight as the Water which reaches 

from EH to the Bottom of the Cube; 

V all which Water we now ſuppoſe 

Boay to be removed; it is evident, that 

that the Column FIG in this Caſe, is 

5 in aguilibrio with the Columns which 

but ſurround it, and therefore the Cube 1 

it is . fink. See Hydroſtatick Pa- 
rad. 11. i ö 

2. A Body, ſuch as 1, lighter than 

10rs, Water, let ut be preſſed never ſo 

mer much by the incumbent V Vater, ought 

to riſe notwithſtanding. For in this 

Caſe, the Column EFGH is lighter 

This than the Columns of Water which 

ſurround it, See Art 6. of this 

FGH 4 „ « light Bady is riſen to the 

vhich Top of the V Vater, ſo much of it ought 

" this to remain under the V Vater, as is 


equal to a Bulk of V Vater weighing 
as much as the whole Body. This is 


concerning Bodies put into 

Tab. III. Flnids, and ie eaſily de- 
Fig. 4. monſtrated from what has 

F been already ſaid. For it 
is manifeſt, that when the lower 
Part of the Body ſwimming in the 
+ Water, is ſunk in this Proportion, 
the whole Column EFGH is in 2- 
qulibrio with the Columns that ſur- 
— yk and if the ſame Body be 


lighter than the reſt of the Columns; 
not — deep, it will be heavier. 
ge In Body that is lighter 
than V — the p tion of its 
V Veight to the V Veight of V Vater, 
10 as that part of it under the Va- 
ter to the whole Body. This Propoſi- 
uon follows from the preceeding one, 


a 3 0; ry, emonſtrated by 
rchimeaes, Prop. of Bodies 
Nut into Fluids, T 1 ; 
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the Fifth Propoſition of Archimedes 


Column. will be 


is the 
Rea- 


10. Al Vater preſſes npon the 
Bodies under it, in proportion to its 
perpendicular Height, and not in pro- 
portion to its Breadth, This noble 
Propoſition is at large demonſtrated 
in my Notes upon Chap. 10. Art. 11. 

11. This Preſſure acts upon Bodies 
immerſed in the V Vater, not only on 
the Top, but on the Bottom and the 
Sides, every way equally. This Pro- 
poſition follows from the foregoing 
one, and is demonſtrated from the 
Nature of Water, whereby every 
Preflure is propagated equally and 
entire every way. See allo Boy's 
Hyaroſt. Paradox 7. 

12. Hence, a wooden Trencher put 
under V Vater, immediately riſes up; 
though there be a much greater an- 
tity of V Vater lying above it, than 
is under it ; neither is there any ſuch 
Thing in Nature as Levity, to lift 
it p. This Propoſition you have 
demonſtrated in my Notes on Chap. 
X. Axt. 11. Coroll. 3* ' 

13. However, If the wooden 
Trencher be exaGlly fitted to the VVidth 
of the Veſſel, ſo that no Water can 
get in between it and the Sides of the 

el, which by communicating its 
Weight to the Water beneath, might 
force the Trencher ap; or if the 
Trencher goes ſo cloſe to the Bottom of 
the Veſſel, that no Vater can get in 
betwixt it and the Bottom, then the 
Trencher will not viſe at all. Which 
is a manifeſt Proof, that there is no 


See the ſame Place. 

It is very hard to prove this Pro- 
poſition by Experiments, becauſe 
Water is ſo apt to wet and run all 
abont. But I have tried it with 
Quickſilver, which will not wet moſt 
Bodies; for atter I had gently pur 
a Piece of Money on the Bottom of 
a veſſel full of Quickfilver ; the Mo- 
ney did not riſe up ; bur it I ſhaked 
the Veſſel, or litted up the Money 
ever ſo little with a Needle, that ſome 
of the Quickſilver might get be- 
twixt the Money and the Bottom 
ot the Veſlel, the Money was im- 
mediately raiſed up, 


H2 14.4 
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being ſo, if we examine the Opinion of ſome 9. 4 Ute 
rs, viz. that there are certain Places natural to 
all Bodies where they of themſelves continue at reſt, and 
have no Tendency to go out of them, and that this 


in ſume Phi- 
loſopkers, * 


ſuch Thing as Levity in Nature. 
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we do not beg 
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Reaſon why Water has no Weight in Water; we ſhall not 
ſcruple to affirm, that this is as groſs an Errour, as, it 
would be in a Man, who, ſeeing a large Cannon in one 
Scale, and Seven or eight thouſand Pound Weight in che 
other, ſhould affirm, that the Cannon did not weigh any 
Thing in this Place, becauſe he can eaſily lift it up or 
down: For this Opinion of theſe Philoſophers is founded 
upon this Experiment, that in drawing Water out of a Wel, 
in to feel the Weight of that with which 
the Bucket is filled, till it comes into the Air; whereg 
they ought to think, that as the Cannon is always hez. 
vy, and we could not eaſily lift it, but for the Weight 
which keeps it in æqguilibrio; ſo alſo the Water weighs al. 
ways the ſame; the Reaſon why we don't perceive 
its Weight when the Bucket is urſder Water in the 
Well, is, becauſe we are aſſiſted by the reſt of the Wa. 
ter in the Well, which is in æquilibrio with that in the 
Bucket. 


14. It is poſſible for Water to de- by the Oyl's mixing with the Wa- 


preſs and ſink a Body light- 
Tab. I. erthanit ſelf. This may be 


Fig. 4 done by gently putting the 
S n 


Oyl as high as ABC, into the Water till 
the ſhorter Arm AB be under Water; 
for then che Water preſſing upon the 
Superficies AB, will lift up the Oyl 
ſo much the higher towards P, as the 
Syphon is let down d into it. 
And from hence alſo it 1s as clear as 
the Sun at Noon-Day, that there is 


no ſuch Thing as Levity in Nature. 
But leſt the —— ſhould fail 


ter, it is more proper to uſe a Syphon 
with ſmaller Arms. See Boyle's 8th 
Hydroſtatick Paradox. 

15. So likewiſe, is may be, that 
Oy! having Water on each Side of it 
may not riſe up, viz. thus, if, when 
the Syphon is filled with Water up 
to ABC, Oyl be poured upon the 
Water in each Arm, and Water be 
again poured upon that Oil to bal- 
lance the 3 of the lower Wa- 
ter upwards. See 's Hydrofta- 
ticks, Paradox 9. * * 
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gh any 

he. * Of Accretion, Diminution, and Alteration. 

Wel, 8 

which A Ariſtotle in treating of local Motion conſiders alſo 1. t is 
heres the other Changes that happen to natural Bodies, , 4c 
$ hes ſuch as Accretion, Dimimution and Alteration, which he Dinination. 
V eight calls Motion likewiſe; ſo we after his Example, ſhall not 

hs al. wholly neglect theſe, but ſhow that it was not without 


rceive Reaſon, that he b t them under this Head, ſince 
n the they are indeed the Effects of local Motion. All the 
Wa World agree, that by Accretion and Diminution is meant 
n the the ſenſible Increaſe or Decreaſe of the proper Subſtance 
of a Body; Thus we are ſure, that the Trunk of a 
Tree is increaſed when we ſee it bigger than it was be- 
fore. 
2. Since we obſerve, that Trees, and in general all 2. How Be- 
Bodies ſtand in need of Nouriſhment, to make them 4, —_— 
increaſe, and that it is impoſſible to conceive how a amni/tes, 
Body ſhould increaſe and become bi without ſome 

Parts being added to its former Bigneſs; this is a con- 

vincing Proof, that every Body which increaſes, receives 

ſome Augmentation of Matter. And as this is true of a 
RES increaſes, ſo may we alſo affirm, that eve- 

ry Body which decreaſes, loſes ſome of the Matter which 

it had before. 

However this does not hinder us from making a 3. Thar tn- 
difference betwixt Increaſe and Rarefaction; and betwixt SE ts 4 
Decreaſe and Condenſation : For the Matter which is ad- Keie, 
ded to a Body increaſing, and that which is taken from 
a Body decreaſing, is looked upon as belonging to tt, 
and as part of its proper Subſtance; but, as was before 
obſerved, the Matter which enters into the Pores of a Bo- 
| dy to rarify it, or that which gets out of its Pores, that 
2 it may be condenſed, is looked upon as Matter that does 

not belong to it. 

4. The Idea we have of the Accretion of a Tree, be- 4. That there 
ing different from the Idea we have of its being tranſ- 6 af. 
planted, it muſt be owned, that Ariſtotle had Reaſon to ference be- 
make a difference betwixt Accretion and local Motion. it Accre- 

p. However, as a Tree cannot be tranſplanted, but by the Body, and the 
| local Motion of irs whole Body, ſo we cannot conceive 1 Merion 


bow it ſhould increaſe but by the local Motion and i.. 
H 3 Union 
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Union of the ſmal Particles which contribute to the in- 
creating It. 

5. How Bo- 5. When a Body neither increaſes nor decreaſes, but 
be!“ is ſomewhat changed; if this Change be not fo great that 
we do not at all know it; we call it, as was faid before, 
Alteration ; hence it is eaſy to ſee, that there can be no 
Alteration without local Motion: For how can there be 
any Change in a Body, if none of the Parts which com- 
poſe it, and upon the particular Order of which its Nature 
depends, have changed their Situation? This being ſo, it 
is very evident, that there muſt be an Alteration in a Bo- 
dy, when the ſenſible or inſenſible Particles of which it 
is compoſed, are put out of their Order, or any great 
Change made in their Figure: Or it may alſo ſuffer an 
Alteration, by the Acquiſition of ſome new Particles, or 
by the Loſs of ſome of its old ones; all which cannot be 
witnour local Motion : Thus, when there is an Alteration 
in a bruiſed Apple, we can eaſily imagine that many of 
its Particles have been forced to change their Situation, 
and perhaps ſome of them have alſo changed their F- 
gure. If after this, any one_ ſtill doubts whether there 
may not be ſome kind of Alteration in which there is 
ſomething elſe beſides what proceeds from local Motion, | 
think he cannot be fatisfied better, than by what we are 
now going to ſay of Forms. 


[EY 


CHAP. XVIII. 
Of FORMS. 


1. That Ferns FORMS are a Subject that we cannot hope to treat 
ought ro be 
reated of by of, as we have done of Matter. For ſince Matter 
| themſelves.” is a common Subſtratum, which, when once we underſtand 
what it is in Wood, we cannot at the ſame time but un- 
derſtand what it is in Fire, and in every Thing elſe ; one 
ſingle Reflection is of it ſelf ſufficient to gain the Know- 
ledge of it. But becauſe the Form of any Thing, is that 
which makes it to be that particular Thing, and diſtin- 
guiſhes it from every Thing elſe; it does not follow, that 
if we know the Form of Wood, we therefore know the 
Form of Fire, or any Thing elſe. Wherefore if we 
would ſucceed herein, and ſay ſomething more than ordi- 


nary, we muſt deſcend to Particulars, notwithſtanding 75 
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Cuſtom of Philoſophers, who ſeldom do ſo, but for the 
moſt part content themſelves with propoſing abundance 
of looſe Queſtions, which we may look upon as ſuperflu- 
ous, and from which we can gain no Advantage. 


iry, if it ſhould be asked here, as uſually it is, whether 
Forms which are real Subſtances ; and conſequently have 


at leaſt, I may venture to athrm, that the Solution of this 
Difficulty, de upon the particular Knowledge of 
the Things. The Inſtance of the rational Soul proves no- 
thing here ; for though we know that this is a Subſtance 
really diſtin&t from the Body, to which it is united; and 
that it does not at all depend upon it for its Exiſtence, 
yet we can conclude nothing from hence as to the Forms 
of other Beings which are purely material. 

3. But if we conſider this Matter more cloſely; though 
I acknowledge, as all the World do, that the Soul is that 
which particularly makes a Man to be a Man; and con- 
22 y _ it is truly the Form of 4 2 Body > 
umane; yet 1 can't agree, that it is, rly ſpeaking, 
Form of al that which is ſenſible, Lang called the Body 
and conſidered ſimply as a Body, any more than it is the 
Form of any of its Parts, conſidered as different from 
each other: For in this Senſe, every one of them has its 
particular Form fo cloſely connected with the Matter of 
it, that it continues as long as the Part ſubſiſts, even at- 
ter the Soul is ſeparated from the Body. And indeed at- 
ter ſuch Separation, every part appears the ſame, as it did 
immediately before. For, that which was Fleſh, for In- 
ſtance, is Fleſh till, and that which was Bone, is Bone 
ſtill, and ſo of the reſt. 

4. The Cauſe of many People's Miſtake, who con- 


ind is this; that a dead Body, when the Soul is ſeparated from 
m- it, is uncapable of many Functions which we obſerved in 
ne it before, ſuch as moving it ſelf, Reſpiration, Nouriſh- 
W- ment, Gc. ſo that they perſwade themſelves that all theſe 
Jat Things depend upon the Soul, and would not have ceaſed 
n. in the Body, if the Soul had not departed from it: 
at Whereas we ought rather to think, that the continuing 
he of the Soul in the Body, depends in ſome meaſure upon 
e the Diſpoſition of the Body to perform theſe Functions, 
i- and that the Separation is a Conſequence of theſe Functi- 
e ons not being able to be performed. For every Day's 
a a * 


2. However, I do not affirm, that it is an uſeleſs En- 7 
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2. 2 ſub- 


an 
Forms, and 


re be any ſuch Things as Subſtantial Forms, that * —.— — 


raticnal Sonl, 


diſtinct Exiſtence from that of Matter. But thus much d no: 


prove that 


there are 


others. 


3. That the 
rational Soul 
is not the 
Form of the 
humane Body 


as 4 Beay. 


4. An Error 
found the Properties of the Body with thoſe ot the Soul, — 22 
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Experience ſhows us, that Death never comes, nor is the 
Soul ever ſeparated from the Body, till it is ſome way 
hurt, or by ſome Means ſpoiled and corrupted. And we 
have no Example of the Soul's being ſeparated from 3 
found and perfect Body, and that this Body did not be- 
gin to be corrupted, till after, and becauſe the Soul was 
ſeparated from it. 
E., ne,, J. It would therefore be unreaſonable, upon the ſingle 
C ce of the Rational Soul, which is very different from 
the common Forms of Bodies, and without firſt knowing 
1 Form of all Kinds of Bodies, to affirm here 
raſhly, that there are ſubſtantial Forms in Things mere 
corporeal; however we may venture ſafely and co 
dently to aſſert, that there are ſome Forms which are e- 
ſential, that is, ſuch as belong neceſſarily to their Subjects: 
Thus ro be liquid is eſſential to Water, becauſe there is no 
Water which is not Liquid; we may alſo affirm, that 
there are other Forms which are only accidental, becauſe 
they ſo belong to the Subject, that it can exiſt without 
them, and not ceaſe to be what it was. Thus Coldneſs 
is an accidental- Form of Water, becauſe Water wo 
ſtill be Water, if it was made hot. 3 
6. That itis 6. It might eaſily be, that Ariſtotle might ac- 
"ar Arſtodle knowledge eſſential Forms and not fubſtential Forms; for 
did allow it is certain, that the Greek Word which he uſes, may 
Talent as well or better ſignify the one than the other. 
7. That 7. Forms are commonly diſtinguiſhed into Natural and 
Artificial Artificial: They call thoſe Natural, which belong to the 
þ eee . Subject without the Aſſiſtance of Men; Thus a Portion 
of Matter receives the Form of Marble in the 
/ Bowels of the Earth. Artificial Forms are thoſe that 
proceed from Art; thus the Form of a Clock is 
called Artificial, becauſe it is owing to the Labour of 
the Clock-maker. I agree, that if the Name had been 
given with regard only to the Cauſes by which they were 
produced, it would have been reaſonable to call the one 
Natural, and the other Artificial; but ſince it is inferred 
from thence, that the Natural Forms are different from the 
Artificial Forms, and that they act from internal Princi- 
ples, which are very different from thoſe of Artificial 
Forme; there lies the Miſtake. For Artificial Forms are 
as natural as the Natural Forms themſelves, becauſe they 
proceed from Cauſes purely natural ; and Art, as was 
laid before, does nothing elſe but apply active Things to 
— pratrvroarnget 


8. I 


rm. 
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8. It is much more 1 to ye -_ into " — Diet- 
m and Compound. Simple Forms are thoſe of ſimple % 9. © 5m 
Bb „ that is, of Beings. that are capable of — . 
fog Properties; and compound Forms are thoſe of com- Poanded. 
pound Beings, that is, Beings that are capable of a great 
many Properties. For Inſtance, the Form of a hard Bo- 
dy, whatever that Form may be, is a ſimple Form compared 
with the Form of Wood, which, with reſpect to the for- 
mer, may be faid to be in becauſe a hard Bo- 


dy, as hard, is not capable of ſo many Properties as 
ood. 


9. This Obſervation is more remarkable than one 9. Thar fan 
would imagine. For it is evident, that { le Things may ?* — 
be known, when we don't at all know ofe that are com- — 
pounded of them: Whereas we cannot know thoſe that r,. 
are compownded, but we muſt have a dinſtinct Knowledge 
of thole Things which go towards their Compoſition. 
Wherefore in order to underſtand particularly the Forms 
of Bodies, it is neceſſary that we firſt begin with thoſe that 
are ſmple and afterwards come to thoſe that are com- 
pound: 


—_—s 


CH AP. XIX. 


Of Elements according to the Opinion of the 
Antients. 


F we once have a clear Notion of what Philoſophers r. Wha: Phi- 
mean by the Word Element, we cannot doubt, but 7% |. 
that the Forms of Elements are the moſt ſimple of all. 4 guts. 

It is to be obſeryed therefore, that the principal Deſign 

of Philoſophers is to explain how every Thing is gene- 

rated, in ſuch a manner as to let us know the different 

States rough which ſuch Things paſs from their firſt 


Principles till they are entirely compleat, and in that perfect 


State in which we ſee them. And in order to this, ſince 


they find by Experience, that every Thing is not made 
indifferently out of another, and that Stones, for Inſtance, 
and Marble are not proper to be converted into Fleſh, 
neither will they ſerve to nouriſh it and make it grow; ſo 
they Jadge by proportion, that all ſorts of Bodies are not 
compounded of Principles alone, connected together in 
the moſt ſimple manner poſſible ; but ſome very ſimple 
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Things only, of the Mixture of which all other Thing 
are afterwards compoſed. Theſe very ſimple Thing, 
whatever they be, which thus arife from the firſt De. 

termination and Connexion of Principles, are what Phi. 
loſophers call Elements: So that Elements differ from 
Principles in this, that a Principle, ſuch as Matter, for Ex- 
ample, is, as it were, an incompleat and undetermined 
_ whereas an Element, is a compleat aud determined 
' g. 

2+ That there 2. This being explained, there muſt, without doubt, be 
onght to be more than one Element, otherwiſe there would be but one 
ments thay Uniform 2 in Nature, and no compounded Things, 
ene; and what But Philoſophers have not agreed what is meant by Ele. 
4% Opinion of ment, the Reaſon of which, is, becauſe they have not ſo 
was concern- Much inquired into the Nature of Things themſelves as into 
ing Elements. the Senſations which they are apt to raiſe in us. Thus ſome 
| Philoſophers who conffdered the Senſe. of Seeing only, have 
aſſerted that Light and Dark, Tranſparent and Opacous were 
the Elements of Things. And others, who referred eve- 
ry Thing to Feeling, have pretended that Hard and L. 

quid, or Hot and Cold were the Elements. 

3. How A- 3. Ariſtoth: may be placed amongſt the Number of theſe 
rifocle made laſt, though he went in a Way ſomewhat different from 
— theirs. He conſidered firſt, the principal Qualities that 

come under the Senſe of Feeling, Fich as Heat, Cold, Dry- 
neſs or Hardneſs, and — or Liquidneſs : And after 
he had obſerved that two of theſe Qualities might meet 
in the ſame Subject, and that the Four might be coupled 
four different Ways, he compoſed four Elements; of 
which the Firſt .is Cold and Dry, the Second is Cold 
2 Moiſt, the Third, Hor and Moiſt, and the Fourth, Ho 
and Dry. | | 

4. What 4. Then, in order to give Names to them, he examined 
* oo — what thoſe Things in Nature were, in which one Ele- 
2 ment ſeemed to prevail, or in which its Qualities were 

moſt ſenſible. us, imagining the Earth to be both 
the coldeſt and drieſt Thing in the World, he called his 
Firſt Element, Earth. So likewiſe, becauſe he thought 
that Water was the coldeſt and moiſteſt Thing, he cal- 
led his Second Element, Water. Further, imagining alſo, 
that there is nothing more moiſt and hot than Air, he 
called his Third Element, Air; And laſtly, not doubting, 
but that Fire is the hotteſt and dryeſt Thing in the World, 
he called his Fourth Element, Fire. 


5. An. 


8 
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5. Ariſtotle's making uſe of Names which were before 5. Thar theſe 
uſed to fignify other Things, hath given occaſion to many, hne 
who did not rightly appreiens! his Meaning, weakly to by ſome. 
believe, that This Earth 'which we inhabit, This Water 
which de drink, This Air which we breathe, and This Fire 
which we kindle, are the Four Elements. But this will appear a 
very groſs Miſtake, to any one who conſiders, that the 
Name Element is given only) to the moſt ſimple Body, 
whereas the four now mentioned are the moſt compound- 
ed of any we know. | 

6. But if we ſuppoſe the Elements of Ariſtotle to be as 6. That the 
ſimple as he makes them, and if we compare them with Cn, e- 
thoſe which other Philoſophers have attempted to intro- 22 ” 
duce; we do not find any Advantage they have, why we others, ongbe 
ſhould prefer them above others, — in this Matter * 4% e re- 


cerved. 


we have no more reaſon to conſider the Qualities of Feel- 
ing, than thoſe of Seeing, or any other Senſe. But nei- 
ther the one nor the other ought to be allowed, and that 
for theſe two Reaſons, which ſeem to me very ftrong. 
The Firſt is, That in order to eſtabliſh Elements through- 
ly, it ought to be upon the Determinations which may 
happen to Matter abſolutely and in it ſelf, and not upon 
the Relations which the different Forms of which it is 
capable may have to our Faculties to raiſe Senſation. The 
Second is, that all theſe pretended Elements being deter- 
mined by ſenſible Qualities, of which we have no clear 
Notion; it is impoſſible, but that there muſt remain ſome 
Obſcurity, into which no Philoſopher can ſo far 

trate as to be able to ſee what will ariſe from their Mix- 
ture; in the ſame manner as a Phyſician cannot tell what 
is the Vertue of a Medicine compoſed of many ſim- 
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CHAP. XX. 
Of the Elements of the Chymiſts, 


r. The Me- T Cannot tell whether theſe or ſuch like Reaſons, in. 
Conte % 1 duced the Chymiſts to reject thoſe Elements which the 
finding out of Antients would have introduced ; thus much is certain, 
"Elemeuts that they have propoſed others very different. And in 
od order to eſtabliſh » as they profeſs an Art which 
conſiſts principally in uſing Fire after different manners, 
to ſeparate as much as is poſſible, the different Parts of 
which different Bodies are compoſed, they have pretend- 
ed, that this Reſolution is the only Way to find out what 
are the true Elements which Nature makes ule of in the 
Compoſition of Bodies; as the taking a Machine to 
_ is the only way to find out what it is compo- 
2. What the 2. Thus, in working upon certain Bodies, upon Wine, 
the Chron, ſuppoſe; they put a large Quantity of it into an Alembick, 
Sts and by means of Fire, make ſome ot its Parts exhale, 
which being then condenſed by the Cold, fall down into 
another Veſſel in the Form of a ſtrong, ſubtil, and pene- 
trating Liquor, to which they are pleaſed to give the Name 
of Mercury, Spirit, or Aqua-vite. | 

_ 3-Whati: 3. Alter this, continuing the Alembick upon the Fire, 
"+ var 15) they make it diſtill a Liquor which has no Taſte, and 
awd Sulphur, this they call Phlegm ; and ſo they go on till there re- 
mains nothing in the Alembick, but a glutinows Subſtance 
like Honey. Then they put this glutinous Subſtance in- 
to a Retort, and with Fire they make it again diſtill a 
Phlegm like the former, and then an acid Liquor which 
they call Mercury alſo; and after that, another Liquor not 
quite ſo fluid, ſomewhat like Oil, and which is inflammable 

like it, to which they give the Name, Sulphur. 
 4-Whatitis 4. Laſtly, They take that which remains in the Retort, 
— Ua and which preſently grows dry, and burn it, and put the 
tuum, aud Aſhes into an Earthern Pot or Pan, with a certain Quan- 
Kalt. tity of Water, which in a ſhort time becomes Salt, then 
ſtraining it off clear into another Veſſel, there remains 
in the Pot a kind of duſty inſipid Earth, which they call 
Caput mortuum or Terra damnata; then with a gentle Fire, 
they make the clear Water which is in the other Veſſel 
to evaporate intirely, and after that, there remains at the 


Bot- 
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Bottom of the Veſſel, a hard brittle Body which is very like 


Galt, and therefore they call it Salt. 
5. Hence they conclude, that theſe five Subſtances, viz. 5- That Mer 


Mercury, Phlegm, Sulphur, Salt and Caput mortuum, are 2 * 1 


the Elements of Wine: And becauſe whatever they can s Caput, 
extract out of any other Subject reſembles one or other Morin, | 


of theſe, therefore they conclude in general, that theſe „ of che 
are the only and the true Elements of all the Chymil's. 


Thi 
mixed Bodies which are in the World, and that all the 
Variety that we ſee is owing to the different Mixture of 


thele. 

6. I ſhould think it a Piece of Injuſtice not to 6. How Chy- 
give the Chymiſts that Commendation which is due to % — 
their Induſtry and laborious Application. Without doubt -n. 
the whole Wo ld, and the Praloſophers particularly, are 
very much obliged to them for the Pains they have taken, 
and which they continue to take, to make a great Num- 
ber of Experiments, whereby they come to the Know- 
ledge of diverſe Properties of many difterent Things. This 
gives them opportunity to find out and diſcover the Na- 
ture of Things, and at the ſame time, ſerves for a Rule 
to try the Truth of their Princjples by, and to juſtify their 
Reaſoning and the Conſequences which they draw from 
thence. However I think their manner of treating of Phi- 
loſophy is not ſatisfactory, nor their Elements ſuch as ought 
to be allowed. 

7. Though the exceſſive Commendations which they 5. The Er- 
give themſelves, and with which their Books are filled, as 79 of the 
if they were the only Philoſophers, and the Secrets of 9 
Nature depoſited in their Hands alone; and though the 
large Promiſes they make, which for the moſt are falſe 

vain, have rendred them almoſt univerſally contempti- 
ble to the World ; and the obſcure Terms, and almoſt 
perpetual 3 which they uſe, have made them 
ridiculous alſo to a great many: ez I do not depart from 
their Opinions upon this Account. For as to theſe ex- 
ceſſive mendations, and vain Promiſes, they are only 
perſonal Faults which any one may eaſily lay aſide, and 
which ſome Chy miſts of my Acquaintance are entirely 
free fromm; who far from war's jg and proud like others, 
are on the contrary, ſo modeſt, that if they had nothing 
elſe to recommend them, they ought upon this Account 
to be placed in the Rank of Gentlemen. And as to the 
Obſcurity of their Terms, ſome of which are authorized 
by Cuſtom, that is eaſily diſperſed, if we give but our 
ſelves the Trouble to explain them. * 
| | c 
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8. Thas they 8. That which makes me not to approve of the M. 
cant be thod of the Chymiſts, is, firſt, becauſe it is defectiye; 
Parts To — is wx ps that let them po — much Pain 
mixed Body 3 can only get together the e Parts of whi 
—_— a Body is compoſed '* or as to thoſe which — 
do get toge- ſubtil Matter, the Exiſtence of which, we demonſtrate! 
ther 7e above, and which go to the Compoſition of a great m. Mare 

ny Things, theſe eſcape all their Pains. But further, tha te 
which they give the Name of Principle to, cannot bu che 
be very much altered, and very different from what ii WW x 
was in the Mixture: For it is impoſſible, but that the lay 
different Parts which they extract, when they are put n ru 
Agitation by the Fire, and daſhed one againſt another, E. 
muſt be changed both in their Figure and in their Nx Wl 
ture. And this is confirmed by Experience, for if all the , 
Parts into which the Mixture is reſolved, be mixed toge. Wi: 
ther again, the Reſult will not be at all like the forma r 

| | re. | n 

9. That, a- 9. To this may be added, that the Chymiſts deceive 
lowing of .,, themnſelves, in ſaying, that there are but five Elements: For if t 
there — to ons of their Method, and the Manner upon which it t 
be more tham is founded, we muſt fay, that there is a great Number, ye: 
ſo great, that it is impoſſible to know them all. us 
there are a great many Sorts of Mercury, Sulphur, Salt, &c. 
But to mention Salt only; we find almoſt. as many di- 
ferent Salts, as there are different Mixtures. ' For Exam- 

_ ple, Thar which is extracted out of an Aſh-tree, is 

Cauſtick, that is, will corrode and burn the Fleſh, if ap- 
plied to it; but that which is extracted from an Oak wil 
not do fo. | a 
10. That the _ — > which —_ moſt in the Reaſoning 
pac. 1 Chymiſts, is the uſion that they are unwilling 
_ W- war's to get 2 and the Averſion they ww to clear and 
n Elements. diſtindt Knowledge, which it is ſo natural to defire, For 
Inſtance, if we ask them what they mean by Swiphir, 
they will anſwer indeed, that it is a fat imflammable Sub- 
ſtance; but if we go on to ask what this fat inflammable 
Subſtance is, which they call Sulphur, and in whar this 
Property of being Inflammable conſiſts, they will not only 
not give us rther Anſwer, which indeed is no great 
Matter, . they have none to give; but they will be 
offended at our Curioſity, and that we ſhould have an 
Defire to be ſatisfied herein: So that their Science exten 
no further than to give Names to Things whoſe Natures 
5 they underſtand not, and 2 the Mixture 
of which, it is impoſſible to foreſee what will ariſe, which 
5 
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Ke Me one of the principal Conditions which we require in 

-CCUye; lements. g 

h Pim 11. Perhaps it will be ſaid here in favour of the 11.7hepre- | 
f which Elements of the Chymiſts, and in favour of thoſe of the _—_ 
1ble thy Ariſtotelians, that though we do not know diſtinctly what of he C6y- 
Nitrate they are in themſelves, yet we know at leaſt what they — and of 
eat me. ire capable of, that is, the Senſations they raiſe in us, or 
er, tha the Convenience or Inconvenience we receive from 

wt bu them, which think ſufficient to determine what the 

what i WW 6&4 of their Mi will be. For, ſay » We may 


hat the BW {zy down two general Rules hereupon; Firſt, Thar if 
put in as Things ſeparately, are capable of producing the ſame 
nother, Efect, they will alſo be capable of producing it when they 
Ar Ns. Wi are mixed together. Secondly, That if Tuo Things ſepa- 
all the rarely, are capable | producing two contrary Effetts, when 
toge. Wi they are compounded together, they will produce ſome midale 
orma Wl Thing between theſe two Effects. And theſe cannot be de- 
nied to be of good Ule. 


eceive 12. Though theſe Rules are for the moſt part found 12. 75s pre- 

: For Wi to be true, yet it will be very wrong to truſt too much —_ 1 

icht BW to them; and I doubt not but the Chymiſts themſelves — of 

r, ye will difown them; for they know very well, that he ow mating 
vo exactly follows them, will many times form a Judge- 5 0-4 | 

» Ge. WW ment contrary to Experience. 

df. 13. For Inſtance, if we follow theſe two Rules ſtrict- 13: The f 

m. h. we muſt affirm, that two Bodies which ſeparately are Hate. 

> 6 cold, t together to make one cold Body. a 

p- 14. We muſt affirm, that two /iquid Bodies will com- 14. 11 I- 


poſe one liquid Body. | | Hanes. 
15. That two tranſparent Liquors will compoſe one 15. 111 I. 
tranſparent Liquor. fence, 
16. That two red Liquors mixed together, will make 16. IV I- 
one red Liquor. | * 
17. That a Body of a Tellowiſh Colour, mixed with a 15. v H- 
Body of a Green Colour, ought to compoſe a ellowiſh farce. 
Green 


18. That two Things which may be ſeparately taken 18. vl u- 
without any danger, may alſo be taken together without T. 
any. 

19. However, we know that every one of theſe are con- 19: Tiff 
tradicted by the following Experiments. For Example, le cours- 
cold Lime, having cold Water ſprinkled upon it, grows 9. 
ſo hot, as to be ready to burn. Further, If Oil of Vi. 
triol and Oil of Tartar, each of which are cold, be mix- 
ed together, we ſhall perceive a ſudden Ebullition, and 
a the fame time a very ſenſible Heat. * 

20. 
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20. II. Expe- 20. If Spirit of Wine and Spirit of Urine, each of whj 
— are very fluid, 5 mixed —_ they will, in = 

| jo hr oo unite into a Body not at all fluid, but pre. 

5 pu If about an Ounce of Litharge of Silver be put is 

: * to a Pint of diſtilled Vinegar, and boiled half a Quang 
of an Hour, and if a Piece of «n/lacked Lime be ſtee 

Four and twenty Hours in a ſufhcient ntity of W. 

ter (it muſt be in an Earthen Pot varniſhed, new an 

clean ;) and afterwards each of theſe Liquors be ſtraineg 

| will be very tranſparent; but when they are mix 

ed, they will become opacous and of a very brow 


22. Of 5m- 22. In the Uſe of theſe two Liquors conſifls the whale 
pathetick Inte Secret of the Ink, which they call Sympatherick In, 
They write that which they would not have ſeen, with 
the firſt Water, and the Writing diſappears the Moment 
that it is dry: Then, he who receives the Letter, wipe 
over the Paper with a Sponge ever ſo little moiſtned 
with the other Water, and the Writing begins to 
appear of a reddiſh Colour, tending to a Black, [! 
theſe Waters are freſh made, and Care be taken to co 
ver the Pot in which the unſlacked Lime is infuſed, the 
Sponge that is moiſtned need not touch the W riting, in 
order to make it appear, it is ſufficient, if it paſs by i 
at a little diſtance: Nay I have often ſeen the Lime 
Water fo ſtrong, that when the Letter written with 
the firſt Water was laid upon a Table, and covered 
with a Quire of Paper, the upper Leaf of which only 
with the Second Water, the Writing grey 


23. IV. Ex- 4 If a Piece of Braſil Mood be boiled in Water over 
ferinent. the Fire, we ſhall preſently have a Liquor red; 


which if it be afterwards poured into a Glaſs in which 
there is ever ſo little Vinegar, this Colour will be chang: 
ed into an Amber-Colour, and that ſo quick, that the 
firſt Colour will diſappear entirely, as ſoon as the Water 
touches the Bottom of the Glaſs. 
24. v. Ex- 24. It is certain, that Nut-Galls are of a Yellowiſh Co- 
periment. lour, and that when they are reduced to Powder, there 
| is no more Blackneſs in them, than in the Copperas which 
is green; and yet if theſe two be infuſed in common 
Water for a few Days, or if you would have it quicker 
if the Water be boiled an Hour or two over the Fire, 
they will be-of one black Colour, and not differ from 
Ink but only in this, that they want the Gum an 
25. Fh 
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25. Phyſitians order ſometimes a few Drops of Spirit 25. VI. Ex- 
Nitre or of Oil of Vitriol to be taken in Broth or ſome ©" 

other Liquor, and theſe two Things taken ſeparately and 

in proper Caſes, are good Remedies, but if they be ta- 

ken together, they are Poiſon. Now this Experiment, 

together with the foregoing ones, and many others that 

might have been added, do fo evidently ſhow the Un- 

certainty of the two forementioned Rules, and conſe- 

quently the little Uſe of the Elements of the Antients and 
the Chymiſts, that there is no need of adding any 

Tring more: That which now remains to be done, is 

to endeavour to diſcover what are the true Elements of 


natural Things. 


— — 


CHAP. XXI. 
Of the Elements of natural Things. 


Ul 


T* AT we may act here with all poſſible Caution, 1. Thar we 
and eſtabliſh the Number of Elements, upon the 2 te, 
Conſideration of Things as they are in therfiſelves, wich- lung Fi. 
out any regard to the Manner of their affecting us; we gwres to the 
obſerve, that the firſt Thing that we can conceive to hap- 177 
- to Matter, is, that it may be divided into a great 

umber of Parts, all which are of a certain Figure. This 
Conſideration is of great Importance ; for if we attend e- 
ver ſo little to it, we ſhall be ſurprized at ſome Perſons, 
who are ready to laugh, when we obſerve to them, that 
the Parts of Matter are of a certain Figure, and yet can 
ſeriouſly hearken to thoſe who tell them of occult Qua- 
lities, which they cannot at all comprehend. 

2. We obſerve further, that beſides thoſe groſs Bodies, 2. Th there 
ſuch as we can take notice of, with which we are ſur- ne go 
rounded ; there are an infinite Number of others very ſmall, ſmail * <4 
which eſcape our Sight, and which were not at all known 
to the Antients. ough even amongſt theſe, if we 
ſtrictly examine them, ſome may be made appear to us, 
ſuch as the little Eels, which ſpring up almoſt in a Mo- 
ment, in the beſt ſort of Vinegar ſet in the warm Sun; but 
It is certain, we had not known of theſe ſmall Creatures 
to this very Day, were it not for the happy Invention 
of the Microſcope, in this Age. Thus, for Example, Specks 
of Mould upon the e Bools, have been long 0b | 

* rv p 
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ſerved, and alſo, that a Mire, which is much leſs than 
Grain of Sand, is an Animal, becauſe we can fee it move 

along; but it is ſince the Invention of Microſcopes that 

We can with pleaſure ſee not only that they are fo, but 

that every Speck of Mould is a little Garden covered with 

Plants, every one of which has its Scale, Leaves, Bug 

and Flowers; and that a Mite has its Back covered with 

Scales, that it has three Feet on each Sid?, and two bla 

Sports in the Head, which we ſuppoſe to be Eyes, becauſe i 

e Point of a Needle be put in its way, it will turn aſide, 

. That theſe 3. Since ſuch ſmall Bodies are diſcovered and ſeen by 
ares con- the Microſcope, we may reaſonably judge that there ate 


. 421 mg Parts incomparably leſs yet, which eſcape all our Senſs, 


all the Induſtry of Man, and exceed even our Imagins. 
tion it fel And that this may be clear by one Exam. 
ple; Since a Mite walks along, it muſt have Legs, and 
theſe Legs muſt neceſſarily have hut r. In order to move 
the Joints, there muſt be Muſcles, Nerves and Tendm, 
and in theſe Nerves Fibres, fuch as we lee in thoſe of h. 
ger Animals, or at leaſt, ele gone equivalent to them 
And if we would carry this Conſideration yet further, and 
rm of the Heart, Blood, Brain, and Animal Spirits, we 
all be quitg at a Loſs, and forced to confeſs, that ou 
Imagination is unable to comprehend or repreſent the 
extreme Smallneſs of the leaſt Parts of which a Mite i 
compoſed. I deſire that theſe Things may be well con- 
„and I have purpoſely urged them, to avoid the 
Impertinence of thoſe Perſons, who ridicule every Thi 
Fr to them, which does not with their 
otions ; and who make a Jeſt o it, when we mer- 
tion that ſubtle Matter to them, whoſe quick Motion ani 
Smallneſs makes a Paſſage for it, and finds it a Place 
every where. | | | 
4- That Ei- 4. Having laid down theſe Obſervations, fince we ar - 
ments ariſe aſſured, that the ſmalleſt Bodies in the World, as well s 5 
re 
0 


ac Bn SO nn oo wc £©A i tos two two os ©... 


— the Larger, ariſe from the Mixture of Elements; an 
can be of ſince it is certain, that a ſufficient Number of the ſma- 
Harter. leſt Parts, may compoſe as great 'a Body as we will; we 
muſt conclude, that there ought to be as many Elements 

as there car be remarkable Differences in the inſenſibl 5 

Parts of Matter upon their firſt Diviſion, — 

„ e 5. Now that my Mind may be the clearer underſtood 
ſpeak of che I mult repeat the Advice which I before gave, viz. Thu 
Divifien that I conſider Things in their mere natural State. And thou 
was mai at J am very well aware, that the firſt Diviſion of Matter 


the Creation 


of the Mind. Was made by God, and as he pleaſed, when he uy 
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the World; yet that is not the Diviſion I am here ſpeak- 
ing of, becauſe I believe the Creation to be a Myſtery 
which I cannot ſearch to the Bottom of. So that I tpeak 
of another Diviſion, which may be made agrecably to the 
Notions we have, and of which all the Things in the 
World are the Conſequences. | | 
6. Thus, conſidering as far as I am able all Matter, 6.7” e. 
I firſt divide it in my Min1 into an infinite Number of 1 K N — 
puts very near equal, not troubling my ſelf what Figure „% 5 
are of, becauſe, there may be a great many other Figures, © 1c {10 
belides Cubick which comes firſt into every one's Thought, 
that may produce the ſame Effect. After this, I ſuppoſe 
that God turns every. one of theſe little Particles, in ma- 
ny different Manners, about their ſeveral Centers, in or- 
der that a true Diviſion of them from each other maß 
begin to be made. | 
7. This being ſuppoſed, it cannot be but that all theſe 7. har there 
Particles of Matter muſt be broken where-ever they are % "<<" 
angular, or are intangled with thoſe that join to them; ſo z/cmeurs. 
that thoſe which were ſuppoſed before to be very ſmall, 
muſt become ſtill ſmaller and ſmaller, till they are got 
into a Spherical Figure. Thus we have two Sorts of 
Matter ined, which we ought to account the two 
firſt Elements. And of theſe two we here call that which 
conſiſts of the very fine Duſt which comes off from thoſe 
Particles, which are not quite ſo ſmall, when they are turn- 
ed round, the firſt Element. And theſe Particles thus made 
round, we call the Second El/-ment. And becauſe it may X 
be, that ſome of the ſmall Parts of Matter, either ſingly 
or united together, may continue in irregular and confuſed 
Figures, not ſo proper for Motion, we take them for the 
third Element, and join them to the other two. 
8. As ro the Chief Properties of theſe three Elements, 8. The Pro- 
it is to be obſerved, that it is no Contradiction to fuppole 2774s of E- 
them to be changed from one Sort to another: Thus the 
Particles of the Third El-ment may ſometimes be made 
round, and acquire the Form of the Second And thoſe 
of the Second and Third may be broken, and ſo converted 
into the Firſt. But none of theſe three El-mmnts will ber- 
ter preſerve their Form than the Second, becauſe it is more 
folid, and the Spherical Figure, which it is of, wlll allow 
it to move about it ſelf, without being intangled with the 
Particles about it. On the. contrary, none are ſo ealily 
Changed as the Firſt, becauſe its Particles moving very 
quick and being very ſubtle, they cannot reſiſt the Shock 
of the Particles belonging to the other Elements, when they 


I 2 meet 
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meet with them, but are forced at all times to fur 
their Figures to thoſe of the Places through which they 
„ and where their Motion carries them. 
9. The Pr- g. The Firſt Element ought alſo to have more Motion 
oft of he than either of the other Two, for though all the three 
r Elements, were at the Beginning equally moved by the 
Firſt Mover, yet it muſt afterwards happen, that the fo 
Element having oftentimes met with other Bodies which 
reliſted it, and which it could not move, will be reflected 
back, without loſing any of its own Motion; wherey 
the other Elements cannot meet this, but they will moy 
it, and ſo increaſe its Motion by diminiſhing their 
own. 
10. How the 1o. And fince the Firſt Element is often forced to run 
Firft El- into thoſe little Intervals which are between the ſmal 
— Globes of the Second Element, it muſt neceſſarily be, that 
city eren the many of its Parts being compreſſed, will leave the Place 
ther Two. where they are, and get forward; and ſo having a Mod. 
on compounded of their own Motion, and of that of 
the Parts which follow them and preſs upon them, they 
will acquire a greater Velocity than the Parts of the &. 
cond Element which force them on. In the fame man- 
ner as the Air contained in a Pair of Bellows goes out 
with much greater Velocity, than the Sides of the Bel. 
lows approach each other, and which by their approach- 
ing, puſh ir, and make it to go out. 

- 31. Why we II. I would have it obſerved by the way, that I might, 
-o wot zive after the Example of Ariſtotle, give Names to the thre 
e forementioned Elements, from the Things which partake 

fe Ele- Pa 
men's, = moſt of them: Thus, I might give the Name Fire to the 
Firſt Element, Air to the Second, and Earth to the Third. 
But beſides that this would be to act contrary to Order, 
becauſe I have not yet proved, that Fire is for the moſt 
part compoſed of the Firſ# Element, Air of the Second, 
and Earth of the Third ; there is yet another Reaſon that 
ought to hinder me from doing it, and that is, that [ 
ſhould give Occaſion for abuſing them, and for having 
them underſtood in another Senſe than what I intend they 

. ſhould be. 

12 That theſe 12- Perhaps it will be here ſaid, that Matter was not di- 
three Ele- vided in the Beginning as I have ſuppoſed ; But tho' I agree 
imaginary, it may be ſo, this makes nothing againſt me; for it ſg- 
- nies very little how Matter was divided at the Beginning; 
and in what manner ſoever it was divided, there is no 
doubt but it is now divided into thoſe three Sorts of Matter 
which I have deſcribed; it being certain, that they _ 
* 1 
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ſarlly follow from the Motion and the Diviſion of the 
Pats of Matter which Experience obliges us to acknow- 


ledge in the Univerſe. 


So that the Three Elements which 


I have eſtabliſhed, ought not, to be looked upon as ima- 

inary Things, but on the contrary, as they are very ea- 
iy to conceive, and we ſee a neceſſity of their Exiſtence, 
1 we cannot reſonably lay aſide the Uſe of them, in ex- 


plaining Effects purely a 
| 1 


1. We cannot reaſamabiy lay aſide 
Theſe three — — be rar 
ed upon as fictitious and imaginary, 
becauſe they * upon a Flenam 
every where, which we have before 
rejected. But concerning the true 
Elements of Nature, the illuſtrious 
Newton thus explains himſelf. _ 

It ſeems probable to me, that God 
in the Beginning formed Matter in ſ0- 
lid, 115 hard, impenetrable, mo- 
weable Particles, of ſuch Sizes and 
Figures, and wich ſuch other Proper- 
ties, and in ſuch 9 to Space, 
as mof! conduced to the End for which 
be formed them ; and that theſe Pri- 
mitive Particles being Solids, ave in- 
comparably harder than any porons 
Bodies compornded of them; even 
ſo very hard, as never to wear or 
break in Pieces : No ordinary Power 
being able to divide what God him- 
ſe made one in the firfl Creation, 
While the Particles continue entive, 
they may compoſe Bodies of one and 
the ſame Nature and Texture in all 
Ages: But ſhould they wear away or 
break in Pieces, the Nature of Things 

ending on them, would be changed. 

ater and Earth compoſed of old worn 
Particles and Fragments of Particles, 
would not be of the ſame Nature and 
Texture now, with Water and Earth 
compoſed of entire Particles in the 
Beginning. And therefore that Na- 
ture may be laſting, the Changes of 
corporeal Things are to be placed only 
in the various Separations and new 
Aſſociations and Motions of theſe per- 
manent Particles; componnd "Bodies 
being apt to break, not in the midſt 
of ſolid Particles, but where thoſe 

articles are laid together, and only 
v1 in a few Points, Opticks pag. 

5. 

Further, nothing can be more ab- 

d than to imagine, that all theſe 
ſurprizing Things in the Univerſe, a- 
riſe and were formed out of thoſe 
tree Elements of Cartes, and by 
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the Motion ĩmpreſſed upon them in 
the Beginning, without any Inter- 
polition afrerwards, either of God 
himſelf, or any other intelligenc 
Cauſe. For according to that Hypo- 
theſis, the Followers of Cartes have 
not ſo much as dared to attempt ex- 
plaining how all Kind of Plants and 
Animal Bodies (which are the prin- 
ci pal and moſt excellent Part ot this 
Uuiverſe) were at firſt made, and by 
what Laws of Motion they were 
framed. How much better does the 
torementioned admirable Perſon ex- 
preſs himſelf, 
Now all material Things ſeem to 
have been compoſed of the hard and 
ſolid Particles abovementioned, vari- 
onfly aſſociated in the firſt Creation by 
the Counſel of an intelligent Agent. 
For it became him who created them 
to ſet them in order. And if he did 
fo, tis nuphiloſophical to ſeek for any 
other Origin of the World, or to pre 
tend that it might ariſe out of a 
Chaos by the mere Laws of Nature, 
though being once formed, it may 
continue by thoſe Laws for many A- 
ges. For while Comets move in ven 
excentrick Orbs in all manner of Po- 
ſitions, blind Fate conld never make 
all the Planets move ent and the ſame 
way in Orbs concentrick, ſome iucon- 
fiderable Irregularities excepted, which 
may have riſen from the mutual Adti- 
ons of Comets and Planets mpon one 
another, and will be apt to increaſe, 
till this Syſtem wants a Reformation, 
Such a wonderful Uniformity in the 
Planetary Syſiem muſt be allowed the 
Effect of Choice, Aud ſo muſt the 
Uniformity in the Boates of Anima's, 
they having generally a right and a eſt 
Side ſhaped alike, and on either Side 
of their Bodies, two Legs behind, 
and either two Arms, or two Legs, 
or two Wings befor: npon their Shout 
ders, and between their Shoulders 4 
Nee running down into a Backbone, 
and @ Head aen it; And in the 
Head 
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of a Hard and of a Liquid Body, 
2 e 7 


ECAUSE it is by means of our Senſes, that we 
find out the principal Differences obſerved in 
Things; I think we cannot do better, than to conſult 
them one after another, to find out in what Order the 
Forms of natural Bodies ought to be treated, beginning 
with thoſe which diſcover to us the feweſt Properties of 
their Ob ects. And fince the Senſe of Feeling is the prof: 
ſeſt of all, and that which takes up the leaſt Compals of 
our Views, I will begin my Inquiry with that. Now when 
we make uſe of the Senſe of Feeling, to diſcover what 
Sort of Bodies they are which ſurround us, we obſerve 
that there are ſome which reſiſt the Motion of our Hands, 
and will not be divided without great Difficulty ; on the 
contrary, there are others which do not reſiſt them at al, 
but are very eaſily divided all ways; the firſt of theſe we 
call hard Bodies, and the other liquid Bodies; and we fay, 
that a Body is ſo much the harder, as there is greater Diff 
culty in dividing it, and another ſo much the ſofter, s 
it reſiſts leſs, and is divided with greater cafe. And thoſe 
Bodies which are of a middle Sort, betwixt hard and l- 
quid, and which reſiſt our Feeling, or the Motion of our 
Hand but a little, theſe we call 7; 7. | 


Head two Ears, two Eyes, a Noſe, a Go, or the ſeveral Parts theref a 


4.omth, and a Tongue, alike ſituated. 
Alſo the firſt Contrivance of thoſe 
very artificial Parts of Animals, the 
Eyes, Ears, Brain, . Mnſcles, Heart, 
Limgs, Miariff, Glands, L arynx, 
Hands, V Vings, ſwimming Bladders, 
natural Speftacles, and other Organs 
of Senſe and Motion ; and the bind 
of Brutes and Iuſecis can be the Ef 
jed of nothing elſe than the Wiſdom 
and Skill of a powerſnl everlaſting 
Agent, who being in all Places, ts 
more able by his Mil to move the 
Bodies within his boundleſs umi ſorm 
Senſorium, and thereby to form and 
reform the Parts of the Univerſe, than 
we are by or VVillto move the Parts 
of our own Bodies. And yet we are not 
co conſider the VVorld as the Body of 


* 


Parts of God, He is an miform Be- 
ing, void of Organs, Members or Parts, 
aud they are his Creatures ſubordinait 
to him, and ſubſervient to his V ill. 
And he is no more the Sonl of them, 
than the Son of a Man is the Soul 
of the Species of Things carried through 
the Organs of Senſe, into the place of 
his Senſation, where it perceives them 
by means of its immediate preſent 
without the Intervention of any Third 
Thing. The Organs of Senſe are nd 
for enabling the Soul to perceive tht 
Species of Things in its Senſorium, 
bus only for conveying them thither 3 
and God has no need of ſuch Organs 
he being every where preſent to ih 


| Things themſelves, Ibid. p.378. 


2. We 
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2 We obſerve alſo that a Body, which reſiſis the Touch 2. T* hard 


and is with Difficulty divided, keeps it ſelf alſo within its 25 f , 
proper Limits, and preſerves its Figure, without wanting fame kind of 
2 Wage to contain it; and on the other hand, that a Bo- 2 45515 
dy which does not reſiſt the Touch, does not contain it 5s of 7e 
{ef within its Limits, but runs and ſpreads about, if it be Auen. 
not put into ſome Veſſel. Wherefore Ariftorle having 
giyen the Name of Dry to a Body which is contained 
within its proper Limits, and that of Moiſt, to a Body 
which does not do ſo, but wants to be contained within 
the Limits of another; it follows, that the hard Body we 
are ſpeaking of, is the fame as what Ariſtotle called 
Dry, or at leaſt a Species of it; and alſo that the Li- 
quid is the fame with the Moiff, or at leaſt a Species 
of Kl. | 
. As ArMtle has not explained what Dryweſs and 3.1n wah 
vf. 5 in, ſo neither has he . the fe 4 
Nature of a hard and a /iquid Body. But moſt of his mate ard. 
Followers contend, that a Body is hard, becauſe it com- * aud Li- 
prehends a great deal of Matter in a little Compals, and meg 8 
that a Body is liquid, becauſe it contains but a little 
Matter in a great Compaſs; ſo that they make Hardneſs 
to conſiſt in Condenſation, and Liquidnrſs in Rare- 
4. It is to be obſerved, that they would be underſtood 4. Tb heir 
to ſpeak. here of a Rarefaction, without the Addition of % £7 
any Matter at all, not ſo much as of foreign Matter; and 2 
of a Condenſation which does not in the leaſt ſuppoſe any 
Sort of Matter to come out of the Pores of the conden- 
ſed Body ; which Things are directly oppoſite to what has 
been before eſtabliſhed ; wherefore it cannot be thought 
„if we do not agree together as to the Nature of 

hard and liquid Bodies. ä 

5. But if Rarefaction and Coudenſation were made as 4. A Corfn- 


tation of the 


they pretend, yet it were eaſy to prove that they are miſ- 1 f v 
taken in their Notion of Hardneſs and Liquidneſs: For as Ariſtoreſians, 
the producing one Piece of whire Marble, is ſufficient to 44 the Rea: 
ſhow, that the Nature of Marble does not conſiſt in 2 72 N 
Blackneſs, fo it ſhall ſuffice to bring one Inſtance ot a Tater ce 
Body which dilates it ſelf when it grows hard, in order to , te 
ſhow that Hardneſs does not conſiſt in Condenſation : *'** 
Thus we ſee that Water is dilated, when it is turned in- 
to Ice, for the Veſſels which contained it, and juſt 

I 4 held 


* 
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held it, cannot then contain it, 1 but are many times 
broken, 
6. A Miſtate 6. I know very well, that it will here be anſwered as 
_ of the Ariſto= uſual, that the Veſſels would not be broken, but for fear 
the Reaſm Of a Vacuum: That is, becauſe their Sides approach one 
why V-ſſe's another, that there may not be any Space left between 
44. Hf. their Concave Superficies and the Convex Superficies of 
the Water which is condenſed. But if this were true, it 
would follow, that all the Glaſs 'Tubes which we uſed 
in the forementioned Experiments, ought alſo to be bro- 
ken, when no Air got into the Place out of which the 
Quickſilver came, which did not come to paſs, as I have 
oftentimes tried. | 
7: Another 7. Add to this, that if Ice were only condenſed Wa- 
+ ef thar' ter; to make for Inſtance, a Cubick Foot of Ice, there 
fed Vater, muſt be more than a Cubick Foot of Water, and con- 
and why it ſequently a Piece of Ice would weigh more than a Quan- 
— —> 20 tity of - fg of the ſame Dimenſions. From whence it 
follows, according to what has been before demonſtra- 
ted, that Ice ought to ſink to the Bottom of the Water, 
and not ſwim at the Top, as we find it does. 
7 — es af = for the full CO of _ — 4 os 
— 6h, wah | ments, truſt only to what they ſee, let 
Tae. lens them but Ss a Glaſs of the Shape of an inverted Cone 
. or Pyramid, and after having filled it quite full of Water, 
expoſe it to a great Froſt, that the Water may become 
Ice, then if the Glaſs holds but half a Pint, we ſhall ſee 
the Ice riſe up about the fixth Part of an Inch above 
the Mouth of the Glaſs, which is 2 a Dilatation ſenſible e- 
nough not to doubt of the Fact. 4 
9. hat 9. This then is a certain Truth, that every Body which 
ed Bh becomes hard, is not condenſed z and therefore Hardne6s 
conſiſts in, does not conſiſt in Condenſation, nor conſequently does 
| Liquidneſs conſiſt in Rarefaction; for as Water is dilated 
| by freexing, ſo is Ice condenſed. by thawing. Having | 
thus ſufficiently confuted an Opinion which has been ſo 
long received, and not thinking it worth whule, to ſhow 
how little Foundation there is for other Opinions which 
have been received only by a few, I come now to eſta- 
1 bliſh my own. And firſt I examine the Appearances. of 


1. So great is the Force of free- | 2. A Dilatation ſenſible enongh) 
ting Water, that not only Bowls {| Yet it muſt not be di bled, that 
Glaſs Cups, but alſo large Veſ- | ſomething may — be here aſ- 

fels of Braſs and Silver are broken | cribed to the — of the 


by it. See Caperim. Acad. del Cim. | Glaſs. See the Notes on Chap. 23. 
- P. 7 ** 5 Art. 36. | 


—_ 


1 © 5% 


AL H Sy WoUyY te ©) Sf 


Chap. 22. of NaTURAL PHILOSOPHY. 


2 hard and of a Liquid Body, and find, that the one con- 


tains it ſelf within its 


proper Bounds, and the other does 


not: And becauſe to be contained within its 

Bounds, is the ſame Thing as not to be moved; I con- 
clude, that 70 be hard, is to be compoſed of Particles which 
are i ſo. at reſt among themſelves, that their Connexion and 
Order, is not diſturbed by any Matter that moves between 


1. So at reſt among themſelves) 
h all hard Bodies have Parts in 

ſome meaſure at reſt, and man 
liquid Bodies (viz- ſuch as are made 
liquid by Heat) are manifeſtly very 
much agitated ; yer becauſe ſome- 
thing more than the bare Reſt of the 
Parts ſeems tequiſite to conſtitute 
Hardneſs ; (for a Heap of very ſmall 
Sand, whoſe Particles are all at reſt, 
is not a hard Body;) and becauſe 
Motion does not ſeem always ne- 
ceſſary to conſtitute a liquid Body, 
(for ſome liquid Bodies are ve 
cold;) I think it therefore wort 
while to add ſomething here, to ex- 

ain this Matter more tully, 

Firſt then, Let us hear what the 
famous Newton ſays, concerning that 
Force by which the primary and na- 
turally indivifibie Corpuſcles ot which 
the Particles ot all Bodies are com- 
poled, are connected and cohere to- 

her. 

The Parts of all homogeneal hard 
Bodies which fully touch one another, 
ſtick together very ſtrongly. And for 
explaining how this may be, ſome have 
invented hooked Atoms, which ts 
begging the Queſtion, and others tell 
us, that Bodies are gined together by 
Reſt, that is, by an occnlt Quality or 
rather by Nothing; and others that 
they ſtick together by conſpiring Mo- 
tions: I had rather infer from their 
Cohefion, that their Particles attract 
ene another by ſome Force which in 
immediate Contact is exceeding ſtrong, 
at ſmall —— the Chymi- 
cal Operations ementioned, and 
reaches not far from the Particles with 
any ſenſible Effect Now if compornd 
Bodies are fo very hard, as we find 
ſome of them to be, and yet are very 


porous, and conſiſt of Parrs which are 


only laid together, the ſimple Parti- 
— which — void of —— were 
never yet divided, muſ? be mach har- 
der. For ſuch hard Particles being 
heaped up together, can ſcarce touch 
one another in more than a few 


Points, and therefore muſt be ſepa- 


them. 


rable by much leſs Force than is re- 
quiſite to break a ſolid Particle, whoſe 
Parts touch in all the Space between 
them, without any Pores or Interſti- 
ces to weaken their Coheſion, And 
how ſuch very hard Particles which 
are only laid together, and touch only 
in a few Points, can ſtick together, © 
and that fo firmly as they do, with- 
ont the Aſſiſtance of ſomething which 
cauſes them to be attracted or preſſed 
towards one another, is very difficult 
to conceive.---Now the ſmalleſt Par- 
ticles of Matter, may cohere by the 


; ſtrongeſt Attractions, and compoſe 
bie ger Particles of weaker Virtue ; and 


many of theſe may cobere, and com- 
poſe big ger Particles whoſe Virtue is 
fell weaker : And ſo on, &c. Op- 
ticks Ibid. p. 364. 370+ * 

It is evident therefore, that the. 
Parricles of which the original and 
ſmalleſt Parts of Matter are compo- 
fed, ſtick together and are united, 
not by Reſt (which is really nothing 
at all) but by mutual Attraction. 
(See the Notes above on Chap. xi. 
Art. 15.) And it is maniteſt, that 
all Bodies, flaid and ſolid are equally 
compounded of ſuch ſort of Particles 
entirely ſolid and perfeftly hard. 
Bur that which is next to be enqui- 
red into, is, what the Figure «and 
Compolition of the larger Particles 
muſt be, in order that the Bodies 
com poſed of them, may be hard or 
liqnid. | 

Secondly therefore. That Body, 
whoſe Particles are ſo fitted to each 
_ to touch — 7 7 in 

ge Snperficies's, will, by the v 
ſtrong mutual Attraction of its Parte, 
be 4 very hard Body; ind accordi 
as thoſe Parts afterwards either conc 
one another only, or are moreover 
intangled with each other, will the 
— — 5 or leſs brittle, and ca: 

e ing made lian by Heat, 
nnr 
Ice, Wax, Glaſs, Metals, Bones, 
Woods &c. 


Thirdly, 


ro. Nat the 
Natrre of a 
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them. Whence it follows, that a 


Part I. 


Body is ſo much the 


harder, as it has more Parts which immediately touch each 


other without moving. 


\ 


10. On the other Hand; becauſe, not to contain it 


ſelf wirhin its proper 


Bounds, is the fame Thing as to 
move it ſelf; and becauſe we cannot conceive any more 


effectual Cauſe of that Motion which we ſee in a liquid 
Body, than the Motion of its inſenſible Parts; I theretore 


conclude, 2 that Liquidneſs conſiſts in the 


tual Asgi- 


zation of the i ſenſible Parts of the liquid Body. Thus for 
Example, when a Glaſs full of Water ſer _ a Table 
is at reſt, "though we cannot perceive any ſenſible Agi- 


Thirdly, That Body whoſe Parti- 


$ ces touch one another in leſs Super- 


dies, and therefore are not ſo hard, 
may yet be more ſe/ig; and therefore 
Gold is heavier than a Diamond: 
though not ſo hard, 

Formnthly, That Body, whoſe Par- 
ricles, when they are compreſſed, 
proach towards each other, but do not 
Slip under one another, is an elaſtich 
Body, and returns. to its Figure, by 
that Force which ariſes from the 
mutual Attraction of its Parts. 

Fifthly, That Body, whoſe Particles 
flip under each other, is a ſoft Bo- 
dy, which yields to the Stroke of a 
Hammer. 

Sixthly, That Body, whoſe Par- 
ricles touch one another in very ſmall 
Smperficies, is a crumbling Body, as 
Snow, or ſuch whoſe Parts may very 
eaſily be ſeparated z as two well po- 
liſhed Marbles, which ſtick together 
in a YVacunms but are pulled aſunder 
by che leaſt Shake, 

Seventhly, If the Parts of a Body, 
either do not touch one anocher at all- 
or at leaſt will very eaſily ſlip, and are 
of ſuch a Bigneſs, as to be eaſily agita- 
ted by Heat; and the Heat be ſuſficient 
w agitate them, though per 2 it 
be much leſs than is required to 
keep Water from freezing; or if 


they be not agitated by Motion, but 


are only ſmall, round, ſlippery, of 
ſuch a Figure, and Bigneſs, as make 


them very lily 2 and give 


way; that is, a fld Body. And 
yet che Particles of ſuch ſort of Bo- 


dies which are maſt flurd, do in 
ſome meaſure cohere together; as is 
evident from hence, that Qwckſulper * 


very well cleared of -all-Air, will 
ſtand 60 ox 70 Inches hig in che 
Barometer (as was ſaid And 


| 


þ 


Water will riſe in ſmall Tubes open 
-4 both 1 in a Vacuum. And 

ops ot Liquors hanging upon a 
hard Body, and juſt — © fall 
will gather themſelves into round Fi- 
gures in a Vacuum viz. by ſuch a 
mutual Attraction of their Particles, 
as that by which the poliſhed Mar- 
bles ſtick together. Further, Theſe 
fluid Bodies, if they have Particles 


Which can eaſily be intangled with 


one another, as Oil, or ſuch as may 
be made ſtiff by Cold, and faſtned 
together, as if they had Wedges put 
between them, as Vater, ſuch Bodi es 
ealily — hard. But if they have 
ſuch ſort of Particles, as can neither 
be intangle i with each other, as Air, 
nor made ſtiff by Cold, as Quick- 
ſitver, then they cannot by any means 
be made to congeal, 

Eighthly, If the Parts of a Body 
be very ſmall, ſpherical and exceed- 
ing denſe, ſuch a Body may alſo be 
finid, and yer be much heavier, than 
harder Bodies, whoſe Particles are 
not ſo ſolid, but which touch one 
another in larger Superficies. 

Ninthly, Fhoſe Bodies whoſe Par- 
ticles are agitated with a very quick 
Motion all ways, whatever the Fi- 
gure of them be, will be liquid, as 
Metals that are melted, &c. But 
ſuch Bodies grow hard, as ſoon as 
chat violent Motion ceaſes. 

_ Thoſe Bodies, ſome of 
w Particles are intangled with 
each other, ſome of them touch one 
another in large Superſicies, and ſome 
are looſe, and will eaſily flip under 
each other, theſe are flexile as Lea- 
ther, or very pliant as Twigs, Glue, 
Pitch, &c. add. 

2+ That Liqnidneſs conſiſts e 
the Notes on the foregoing Artic. 
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ration in it, yet notwithſtanding, ſome of its Parts are in 
Motion downwards, and at ſame time others of 
them are in Motion upwards, ſome of them move from 
the Right to the Left. and others from the Left to the 
Right, in a word, there are ſome parts of the Water 
which move in all manner of Determinations ; whence 
it follows, that That Body is the moſt liquid, whoſe 
inſenſible Parts are the ſmalleſt, and the moſt agi- 


rated. f 

11. If what I have now faid of Liquidneſs be joined 11. t the 
to what was before ſaid concerning Hardneſs, we ſhall — 
eaſily conceive that a ſ t Body, which ſeems to be of a „ in. 
middle Nature betwixt a hard and a liquid Body, and to 
partake of them both, is therefore ſoft, becauſe it is com- 

ed of two Sorts of Parts, the one in ſome meaſure at 
reſt, and connected with each other, while the other are 
in Motion, and thereby cauſe ſome ſmall Agitation in the 
former. , 

12. Now that which confirms me in my Opinion con- 12, + 
cerning the Nature of hard and [quid Bodies, is, that the == 
chief Properties of them are neceſſarily deduced from Ti. 
thence. And Firſt, Suppoſe the Nature of a hard Body 
to conſiſt in what I have ſaid, it follows from thence, 
that it muſt be with Difficulty divided : For, for Inſtance, 


if I put my Finger to any of its Parts, I ought to 


feel the Reſiſtance, not only of thoſe Parts which 
touch, but alſo of all thoſe Parts which are behind 
them; and many times it is much eaſier to move the 
whole hard Body, than to ſeparate one Part from it, be- 
cauſe the reſt of the Body has a ſtronger Connection 
with, and is more at reſt, with reſpect to this Part, than 
the neighbouring Bodies have with the whole Body. 

13. On the contrary, ſuppoſe the Nature of a liquid 13. > 4 
Body to conſiſt in what I have ſaid, it follows from thence, — 1 1 
that a Liquid »uft be very eaſily divided. And indeed if 444. 

I put my Finger to it any way, it meets with no Re- 

ſiſtance; for thoſe few inſenſible Parts which my Finger 

touch, being in Motion already, are very ready to quit 

their Place; neither are they ſupported nor hindred 

by the Reſiſtance of thoſe which are beyond, which are 

alſo in continual Motion, and therefore eaſily yield to 

them, and open a Paſſage for them all ways. . 
14. What I haye advanced concerning the Nature of 4; #% n«- 
a hard and of a liquid Body, is ſtill further confirmed from pere n. 
hence, that all the Conſequences that can be drawn from corr-prea, 
it, help to explain ſome Experiment, which perhaps it f 7s 

ah os | 1 would b Bech. 
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would be impoſſible to explain without it. And firſt, if 
we conſider ſome Bodies are eaſily altered, only by 

diſturbing the Order of their Parts, and that every Thin 
endeavours as much as it can to continue in that State in 
which it is, and conſequently that which is once at reſt, 
will never begin of it ſelf to move; it will not be diff. 
cult to find out a very eaſy way to preſerve a hard Body 
a very long time, viz. by incloſing it in another hard Bod); 
whole Parts being at reſt among themſelves, can make 
no Impreſſion upon it, and are moreover a Guard u 
it, againſt the Aſſault of any external Cauſes which might 


tend to corrupt it. And thus we ſee that Salt, Sugar, and 


Metals, are by being thus incloſed in hard 


Is. Ofthe IF. On the other hand, it How 0 that the 

Vertue of Li- 1 s tinto Li- 

El peil: Ber kr Pars f Las being * in cen 

ſolve certain 2 3 

"Badies, , tation, they may eaſily ſo ſhake and move the Parts of hard 

| Bodies, as to force them out of their Places, and carry 
them along with them. And thus we find it by Experience, 
in all hard Bodies that can be altered, as in Sugar and 
Salts, which are diſſipated and fink to the Bottom of the 
Water almoſt in a — inſomuch, that if we throw 
a Pound of Sugar into a great Tub of Water, it will in- 
tirely difappear in a ſhort time; and the Parts of it, 2 will 
allo be ſo diflipated, and ſpread amongſt all the Drops of 
Water, that there will not be one of them but what is 
impregnated with #. | 

16. YYVly a 16. And ſince hard Bodies may be compoſed of Parts 

Liquor does of different Bigneſſes, as well as * Bodies, it is eaſy to 

not entirely , , . 

diſſol: cer- Conceive. that there may be ſuch a Liquor as will car- 

tain Bodies. | | 


- 


I. In continual Agitation) See | aſunder, as the Quantity of V Vater 
the Notes,upon Art, 9. | mn which they float, will allow. And 
2. Vill alſo be diſſipated) The il es not this Endeavour imply, that 
luſtrĩous Newton thus expreſſes him- | they have à repulſive Force by which 
ſelf upon this Subject in his Opticks, | they fly from one another, or at leaſt, 
p- 362. e Quantity of | that they attract the Vater (See 
any Salt or Vitriol be diſſolved in a | the Notes on Chap. xi) more ſtrongly 
great > rag of V Vater ; the Par- | than they do one another, For all 
ticles of the Salt or Vitriol will not | Things aſcend in V Vater, which are 
ſink to the Bottom, though they be | leſs attrafted than Vater the 
heavier in Specie than the V Vater, | gravitating Power of the Earth; 
but will evenly diffuſe themſelves in- | ſo all 2 of Salt which float 
to all the V Vater, ſo as to makeit | in VVater, and are leſs attrafted 
as ſaline at the Top as at the Bot- than V Vater by any one Particle of 
rom. And does not this imply, that | Salt, muſt recede from that Particle, 
the Parts of the Salt or Vitriol re- and give way to the more attracted 
cede from one another, and endeavour | V Vater. | 
ro expand themſelves, and get as ſar | 
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Parts of Liquors being 1 in continual Agi- 
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ry away with it only ſome 


md that others will not be diſplaced by it. 
only waſh off the fineſt Parts of 


certain Parts 15 a hard Body, 
us 


Water will 
iquoriſh, and leave the 


groſſer ones at reſt with each other. 


I 27 may alſo ſo happen in hard Bodies, that the Parts 
them 
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17. Of tie 
Eun, 


which are pretty near equal, may yet be ſo ſohd ; Pomer of A- 


and on the contrary, all the Parts 


a certain 


may be ſo ſmall, that the Parts of the hard Body will 


not be at 


moved by them, as they would be by the 


groſſer Parts of another 3 which doubtleſs is the 


Reaſon why common Water, 


not diſſolve Silver, and 


why Aqua Fortis, which the Chymiſts call Spirit of Ni- 
eng T will eaſily diſſolve it, but is too weak to diſſolve 


Gold. 


18. However, it is-not only the ef of the Parts 


of any Liquid, which renders it capable o 


Liquor qua fortis. 


18.7 Vhy 
ſeparating the 73m 


Parts of a hard Body; the Pores which are between the ſotve Silver. 
Parts of a hard Body, do alſo contribute towards it: For 
they may be of ſuch a Figure, and alſo ſo ſmall, that the 
Parts of the Liquid cannot penetrate them ; from whence 


we may conclude, that the Parts of the 


alts of which 


a regia is made, are put together in ſuch a manner, 
7255 compoſe Bodies 2 too groſs to enter the Pores of 
Silver, and ſo only ſliding by them, they can neither go 
in, nor divide the Parts: Wherefore it is not to be won- 


dred at, if this Water will not diſſolve Gold. 


{ 


1. Vill eaſily diſſolve it) Con- 
cerning the diflolving of Metals the 
ſame celebrated Perſon ſays thus. 
Ven Ana Fortis, or Spirit of 
Vitriol poured upon F. _—_ of Tron, 
aifſokves the Filings with a great 

eat and Ebullition, is not this Heat 
and Ebullition effected by a violent 
Motion of the Parts, and does not 
that Motion argue, that the acid 
Parts of the Liquor ruſh towards the 
Parts of the Metal with Violence, and 
rim forcibly into its Pores, till they 
get between its ontmoſt Particles, and 
the main Maſs of the Metal, and 
ſurrounding thoſe Particles, looſen 
them from the main Maſs and ſet 
them at liberty to float off into the 
Vater? And when the acid Par- 
ticles, which alone would diſtil with 
an eaſy Heat, will not ſeparate from 
the Particles of the. Metals, without 
a very violent Heat, does not this con- 
firm the Attraction between them. 
Opticks, p. 352+ Now this fame 


1 9. It 


Agua fortis which eaſily diſſolves 
Tron or Silver, will not diſſolve Gold 
at all, the Reaſon of which is, be- 
cauſe irs Particles, which are more 
ſtrongly attracted by the Particles of 
Ir:n or Silver than by one another, 
are on the other hand more ſtrongly 
attracted by one another than by the 
Parricles of Gold, The contrary to 
which we are to underſtand of that 
Force by which Gold is diflolved in 


Aqua regia. 


2. Too groſs to enter) Mr. Clere 


in his Phyſicks, Book 1I. Chaps iv. 
Sed. 24. contends on the contrary, 
that the Parts of Aqua regia, are 
ſharper and ſmaller than thoſe of 

ua fortis, and therefore can enter 
the very ſmall Pores of Gold only, and 
ſeparate its Parts, which like V 4 
they drive from one another, whilſt 
the groſſer ones move about the Su- 


perficies of the Gold to no prrpoſe, 


they not being able to diſſolve the con- 


tinuity of it, becanſe they cannot en- 
ter 
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xg. The Me- 19. It is from the Conſideration of the different Pro. 
e, ee of the ſeveral Sorts of Aqua fortis, that the Ref. 
of Gold have lately — a way of ſe 
Lem Silver mixed with it: The whole Secret of whi 
conſiſts in putting the Maſs compoled of Gold and Sl. 
into Aqua fortis, which will diflolve the Silver only; 
r then its Parts will be brought out by thoſe of 
till the pure Gola will remain like Sand or Dregs 
he Botrom of the Veſſel; ſo that by inclining it gent. 
the Aqua fortis into another, Veſld, i: 
carry the Silver Lu with it, and leave the Gola 
he Boro: After this, they ſeparate the Siluer from 
24 fortis in the following manner; they put a 
—— by of common Water to the Aqua fortis, to make 
| fs corroſive, and then put in a Piece of Copper, againſt 
which the Particles of Sifver brought out by che Liquid 


U they are ſtopped by * in the ſame manner as 


Duſt e oom is ſtopped by the Hangings 
or any other Furniture which is ys or as a Stone ſticks, 


when it is caſt into Mortar. The Gol and the Silver 
being thus ſeparated from one another in Duſt, may each 
of them be melted in a Crucible, and then made diſtinct 
Maſles of. 
20. /Vhythe 20. It may here be asked, why the ſmall Particles of 
— So Salts and Metals, ſwim thus in all the Parts of common 
Dich a, Water or Aqua fortis indifferently, and whence it is, that 
heavier than they do not fink to the Bottom of the Veſſels? For this 


V Vater, da 


int in ite tes Pores. And again, Sect. 28. | lays, he does not confirm 


He ſays, That from the Mixture of Arguments or Reaſons, unleſs ir be 
many Salts, the Parts of the Aqua | this, that Silver ſeems to have — 
become ſmaller, more fitted | Pores than Gold, becauſe it is lighter; 
zo enter the ſmalleſt Pores, and ſepa- | bur from the known Properties of 
rate the ſmalleſt Parts ; between which | Silver, irs hardneſs, ſmoothneſs, c. 
they are driven like ¶ Vedges, by the | we may with much greater Proba- 
Motion of the d in which they || bility collect, that it conſiſts of ſmal- 
ſwim ; but when they enter into wider | ler Particles, and therefore has ſmal- 
Pores, they have no Effet; in the | ler Pores, though more of them; 
fame mantter as the Force of V Vedges | But that Gold on the con- 
te ſeparate Things joined together, is | traty, conſiſts of * lar- * See Part 
nothing unleſs they be driven into | ger Particles or Lumps, III. Chap. 
Freight Fiſſures. Since therefore the | and ſo has larger Pores, vi.Art.13. 
Pores of Gold are the ſmalleſt of a- | but much fewer, And as 
Metal, they will admit the Par- | to the Nature of the Liquids, I 
zicles of Aqua regia only, and the groſ- | ſhould think, that the Parts of the 
ſer Parts of Aqua fortis cannot enter | Aqua regia, would become not 
into them. Now the ſame Parts of | ſmaller, but larger by the Mixture 
Aqua regia are too ſubtle to have | of many Sales, But all this d epends, 
Strength enough to remove the Sides | as was ſaid before, not fo moth up- 
of the Pores of other Metals; for | onthe Bigneſs and Figure of the Pores, 
they want the groſſer Parts of Aqua | as upon the different Attraction of the 
fortis which fill and divide the larger | Parts. 
Peres. Thus far he; but what he 


- ſhould 
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ſhould ſeem to follow from what was before demonſtra- 
ted concerning hard Bodies ſwimming in gy becauſe 
every Particle of Salt or Metal is heavier than an equal 
Maſs of the Liquid in which it ſwims. However, it is 
to be obſerved, that when we reaſoned in that manner, 
we conſidered only the Gravity of the hard Body and the 
=p of the Liquid to be divided ; we did not then know 

the 1 Motion of the Particles of the Liquid, by which 
they carry your them as many Particles of Salt or Me- 
tal, 2s would deſcend by their own Weight; in the fame 
manner as the Bubbling up of new Wine, makes other 
Bodies which are heavier, ſwim, and not fink to the Bot- 
tom of the Tub; where we fee that they do at laſt ſub- 
fide and compoſe the Lees, when this Motion, which is 
greater than the ordinary Motion of the Liquid, ceaſes. 

To which may be added, that the Particles of the dif- 

ſolved Body are in ſome mealure intangled with thoſe of 

the Liquid, which they go along wich ; which ſhows us 
Inc that this hinders them from being able 

to | 

21. And that which is remarkable here, is, that as the 21. 
Particles of the Liquid are finite, and the Force by g e . 
which they are agitated is limited; it muſt neceſſarily fol- it wit 
low, that when they have once laid hold of as many Par- . 
ticles as they can contain, they cannot after that ſeparate fi fe 
any more, nor overcome the Reſiſtance of the remaining har Boaz. 
Particles which are at reſt, wherefore the hard Body wi 

be no farther diſſolved. And thus we find by Experi- 

ence, in common Water and Agua fortis, that they will 

diſſolve bur a certain determinate Quantity of Salts or 

Metals. Thus, for Example, if, after a Pint of common 

Water has diſſolved a certain Quantity of Salt, one Grain 

only be put in, it will continue whole in the Water, as 

it would do in a dry Place. 

22, And from hence it follows, that if after a Liquid 22- ow . 
has ſeparated all that it can from a hard Body, it be eva- ei 
porated to a certain Quantity, that which remains will %, s ade. 
not be able to contain all the Particles of the diſſolved 
Body, wherefore many of them will be forced to unite 
together, and to compoſe ſomething ſenſible; and thus 
It is, that if Water be boiled, having firſt been ſtrain- 
ed like Lye, through Earth charged with Nitre as 
much as it can be, and then taken off from the Fire, 


* 


1. The Motion of Particles) Not by , See above on Art. 15. 
their Motion, but by their Attraction. | | 


and 
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and permitted to ſettle a little, a great many Particles of 
the Salt-peter which are diſingaged from the Particles cf 
the Water, will ceaſe to move, and ftriking many cf 
them together againſt the Concave Sides of the Veſſel, 
will at laſt compoſe 1 thoſe curious Bodies in the Form 
of Hexagons, which we ſee ſtick there. And in the fame 
manner we may apprehend, how. all the other Chryſtal. 
«ations of the Chymiſts are made. _ - «» 
23. That the 23. Though @ certain Quantity of any Liquid, will di- 
wk vile ſolve but a determinate Quantity of a certain hard Bad/ 
diſſolve one this does not hinder, but that other hard Bodies may 
certain Body be diſſolved by the ſame Liquid; becauſe their Particles 
2e may be of ſuch a r as to ſuit with the Particles of 
ſolve a Body the Body already diſſolved, in ſuch a manner, as mar c. 
of another cafion more diſſimilar Particles, to move with grez.cr 
Eaſe,” than the ſimilar Ones could move. And thus Ex- 
| ſhows us, that after Water has diſſolved as much 
Salt as it can, it will yet diſſolve a ſmall Quantity of Vi- 
k triol or Alum. Ar 2 
24. How the, 24. If a Body ho IE into a Liquor, to whoſe Parti- 
8 cles it will more 8 unite it ſelf, than to thoſe of ano- 
miſts is made, ther Body which it before diſſolved; and ſup alſo 
that it cannot comprehend theſe two Sorts of Particles 
together, 2 it muſt be forced to let go the Particles which 
| it had before. embraced, which will conſequently ſublide 
' co the Bottom of the Veſſel. Thus if la little of that diſ- 
ſolved Salt, which Chymiſts call Oil of Tartar, be | 
upon Agua fortis which before had diſſolved Silver, the 
Metal will be forced to ſubſide to the Bottom of the 
Veſſel And this Inſtance ſhows us the Reaſon of all the 


— 


* 


1. Thoſe crrions Bodies) Concern | 6.5 mf be foot» by. 00) It 
ing which the admirable Perſon be | ſuch a Body be put into ſuch a Sort 
fore cited, ſays thus. / I hen any ſaline | of Liquor, that Particles of the 
Liquor is evaporated to a Cuticle, and — will be more ſtrongly at- 
let covl, the Salt concreres into regalar |} tra the Particles of this Bo- 
Figmres ; which argues, that the Par- | dy, than by the Particles of that Bo- 
— the Halt before they 8 dy which _ diſſolved in -ir rs 

in the Liquor at equal Diſtan- | the Particles of the Liquor being 
ces in Rank and File, and by con- | this ſtronger Attraction removed 
ſequence, that they afted nyon one a- | from the Body to this Other, 
nother by ſome Power, which at | } will ſuffer the Particles of the firſt 
Diſtances is equal, 4t nnequal D. an. Body to fink to the Bottom, in the 
ces, unequal. For by ſuch a Power | ſame manner as Iron is ſeparate! 
they will range themſelves uniformly. from a Loadſtone, by putting a 
and without it, they will float irre- ſtronger Loadſtone to it. 
gularly, and come together irregular- 
9. » P+ 363. 
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25. We muſt not here omit another Circumſtance ve- 25. How two 
ry conſiderable, and that is, that the Particles of ru Li- 7/997: mi- 
quors may be of ſuch a Bigneſs and Figure, as to intangle may comp 
one another when they meet together, and ſo move with hard Bo- 
more difficulty; whence it follows, that they will com- 
e One Body which is not ſo liquid: So likewiſe, if the 
articles of the two Liquors. adjuſt themſelves to each 
other, ſo that the greateſt Part of them are hindred from 
moving, then all the Particles together will form a Body 


pretty hard. Thus we ſee, that if an equal Quantity of 


Spirits of Wine and Spirits of Urine, each of which Li- 
quors are very fluid, be mixed together, they will unite 
into 4 pretty hard Body. | 

26. We may add to what has been ſaid about the Mix- , 25: How 
ture of different Liquors, that there may be found one, which g rj ent 
is compoſed of ſuch fort of Particles, that ſome of them ,, 
being much larger than others, they cannot continue their“ *. 
Motion, but by means of the ſmaller ones; ſo that if 
theſe be any way diſingaged, the Weight of the other 
alone, or the Irregularity of their Figure, will make them 
continue at reſt with each other, and according as they 
are more or leſs cloſely united together, they will compoſe a 
Body more or leſs hard: And this is the Reaſon why ſome 
of the Particles of Milk or Blood curdle, while others 
which are more proper to continue their Motion, being 
diſingaged from theſe, compoſe a Serum, which remains 
liquid. And this is alſo the Reaſon why, in ſubterraneous 

ves, which they call dropping Caves, certain liquid Drops 
which diſtill from the Roots harden into Stone, after they 
have been a little while in the open Air. 

27. Having ſufficiently ſhown by theſe Experiments, 27. Of the 
that the Particles of liquid Bodies are in continual Agita- 05% 9 
tion, we are to enquire next, What the efficient? Cauſe of Audi. 
this Motion is, in Water and other ſuch like Li- 
quids; which ſeldom grow hard, but more particularly 
in Air, which never hardens, but always remains li- 

_ Wherefore in the firſt Place it is reaſonable to 
ink, that the f Figures of the Particles of Liquids are . por it 


not altered, fo long as we cannot perceive any kind of their Figures 


Alteration in them: But further, becauſe they cannot move Ver cont 

with regard to each other, as they ought to do, to com- ed, * 

poſe a Liquid, without leaving a great many Interſtices would be no 

round them; which there being 1 no Reaſon to think — 

empty, they muſt neceſſarily be ſurrounded by ſome Mat- up their ie 
reTliices 

t. No reaſon to think empty) See the Notes on Chap. vii Art. 2+ 
K ter 
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ter which is very ſubtle, ſuch as that which we before 
called the Firſt or Second Element. And as the Particles 
of hard Bodies diſſolved in any Liquid, are kept in Mo. 
tion by the Particles of this Liquid; ſo we ought to think, 
that the Particles of Water, and of all Bodies which do 
not congeal, but always remain liquid, are in perpetual 
Agitation, becauſe they ſwim in the Mazter of the Firſt and 
Second Element. 
29. How Li- 28. If this Matter be very much agitated, it is eaſy to 
9=ors 42. *- Conceive, that it may move the Particles of the Liquid 
Teldtes. in ſuch a manner, as to diſſipate them from each other, 

and make them fly into the Air, and this is called Eva- 


a ation. 
29. How they _ On the other Hand, if its Motion be very faint, or 
arecongealed. if it be more than ordinarily ſubtil, it will follow, that 
it will not be capable of preſerving the Liquidneſs of ſome 
groſſer Bodies; in the fame manner as we ſee the Water 
running amongſt Bulruſhes, keeps them in Motion, and 
diſtinct from each other, whereas in the Air, they are 
confuſed and mixed together, without any Motion; * and 
thus the Water is frozen in Winter, and turned into Ice 
But we cannot ſhow a Reaſon why this happens at one 
Time of the Year, rather than at another, till we come 
to know ſomething more of the Syſtem of the World. 
o. Why ſome 30. If the Diſpoſition of the Particles of a Body be 
Zar, grow ſuch, as to leave Pores between them large _ to re- 
= "Fore  ceivethe groſſer Matter of the Firſt and Second Elements, 
Gquid, this Matter may ſhake the Particles a little, before it quite 
: ſeparates them, and moves them from each other, and 
conſequently the Body ought to grow ſoft, before it becomes 
liquid; as we ſee Wax does. 
31. h - 31. But if the Pores of a hard Body are ſo ſmall, that 


cher Bodies only the moſt ſubtil Matter of all can paſs through them, 


perome #9"4.in this Caſe, that which is more groſs, and which is alone 


ras Sad able to ſhake thoſe Particles which make the leaſt Re- 
ſiſtance to it, can only apply it ſelf to the Superficies of 


the Body; whence it follows, that it will have diſſolved 


1. And thus the Water) Since nei- | Art. 9. of this Chap.) ariſe from the 
ther the Force it freezes with, is al- | mere Reſt of the icles. Con- 
ways proportioned to the Cold, but | gealing muſt neceſſarily be aſcribed 
ſeems to have ſome Dependance up- | either to nitrous Particles ; or to the 
on other Changes in the Heavens; | Particles of ſome other Salts, which 
nor is the Cold, unleſs fo far as it is | like Wedges fixed between the Par- 
merely comparative (See the Notes | ticles of Water, join them together 
on Chap. xxiti, Art. 54.) owing to | and make them cohere: However 
the Particles being at Reſt ; nor | there is hitherto nothing certain found 
can Hardneſs it ſelt (See the Notes on | out concerning theſe Particles. 
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all the external Parts of the Body, before it makes any 
Alteration within it. And ſo ſuch 2 Body will be entire- 
3 being made ſoft, as we find Ice 
does 


32. It is not at all ſurprizing, that Water, which is li- 32. ew We- 


quid, ſhould ſofzez a great many hard Bodies which it pe- 
netrates and diſſolves, and that, when it is mixed with 
Plaiſter of ＋ * wy ns there ſhould ariſe COT 
tion quid: But it is very ſurprizi t af- 
1 bit fou acquire a Hardneſs which it would ne- 
ver have had without mixing Water with it, which one 
would think, ſhould rather help to ſoften, than to harden it. 
Nor can we think, that this ariſes from a ſudden Evapo- 
ration of the Parts of the Water; for if it be weighed 
when it is liquid, and weighed again when it is grown hard, 
we canot perceive that it has loſt any of its Weight. My 
Opinion concerning the Matter is this, that the Fire has 
formed a great many Pores in the Plaiſter, of ſuch a Big- 
nels, as the groſſer Particles of the Air cannot penetrate, 
becauſe they are not ſolid enough to remove the Obſta- 
cles they meet with, which the Particles of the Water, 
which are more ſolid and penetrating, are able to do. 
Wherefore, when the Plaiſter is moiſtned with, or put 
into ſuch a Quantity of Water only, as is ſufficient to 
ſurround every Grain or Lump of it; and after that they 
come to be ſtirred up together, then the Particles of the 
Water which force themſelves into the Pores, like fo 
many ſmall Wedges opening and ſplitting them, divide 
theſe Grains into {till ſmaller Parcels. And becauſe theſe 
Parcels have a larger Surface than the Grains had before, 
of whigh they are but the Duſt, it is more than the Wa- 
ter is able to ſurround. Inſomuch, that the greateſt part 
of them touching one another cloſe, and continuing at 

I Wane * 3" pry onmgats © ay 7 
2 33. From 


* The true Cauſe why ſome Bo- 
dies grow ſoft before they melt, and 
others not, to be this; that 
thoſe Bodies which grow ſoft, are 
compoſed of diſſimilar Parts, ſome 
of which melt ſoaner than thoſe they 
are 1 2 with. | 4 

1. If they c e a hard Bod 
Mr. Le Clere —5 our Author — 
With three Arguments in his * 
Book V. Chap. xiv. ect. 25. Firſt, 
on he, This Anſwer does not agree 
with a Maſs made np of Meal and 
Water kneaded together, and baked ; 


and other ſuch like Things that might 
be inſtanced in. But can any Thing 
be more evident, than that the Eva- 
8 of the Water produces the 
ame Effect in Bread, as the Diſſolu- 
tion of the Lumps in Plaiſter of 
Paris? For though not all, yet cer- 
tainly ſome of the Water is diflol- 
ved into Vapours, in proportion to 
the Heat, wherefore the external. 
Part of the Bread is much harder than 
the Internal. Secondly, He ſays, He 
does not ſhow why the Particles of Wa- 


| ter ſo divided touch ene another * 
ut 


3 
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33. Dat t 33. From hence we draw this Conſequence, that if 
Ven of the Plaiſter be put into ſuch a Quantity of Water as is 
Water hin- ſufficient to ſurround all the ſmall Parcels which the 
ders the Pla- Lumps are divided into, they will be hindred from ref. 
Seeing bare, ing, and fo the Plaiſter will not grow hard at all; and 

thus the Maſons find it by Experience, and this i; 

what they mean, when they fay their Plaiſter is 


34. Why . Notwithſtanding this, it is not to be wondered at, if 
wy vir there be ſome Bodies which the Water will divide, and yer 
Lime. not at all help to unite and harden their Parts into one 

»Mlaſs, as it does thoſe of Plaiſter of Paris; for the Par. 
ticles of theſe Bodies may be of ſuch a Figure, as ſcarce 
to touch one another at all. and fo cannot unite t 
to compoſe one Whole : To which it may be further ad- 
ded, that the Water has ſo quick a Motion within ſome 
Bodies, that it further ſeparates the Particles already diſu- 
nited ; and by this means the Pores or Intervals, which 
are between them, become ſo large, that the Air has Pow- 
er to get in, and hinder ſuch Particles from touching one 
another. And this is the Reaſon why Lime, which is di- 
vided by Water, does not yet become hard like Plaiſter 


8 of Paris: For if a Piece of Lime, which has been wet- 


ted with a little Water, be divided without meddling with 


But he does eſsly ſhow this in | if the Parts of the Plaiſter muſt be 
theſe Words. And becauſe theſe Par- kept together by Wedges, it ſeems 
ticles have a larger Surface than the | much more probable, that the burnt 
Grains had before, of which they ave | Parts (for the Plaiſter is made of 
but the Duſt, it is more than the | Stone half burnt) growing a little 
Water is able to ſurrownd;, Tnſo- | hot, by the Water being ed on 
much, that the greateſt Part of them | it, draw the volatile Salts out of the 
tomching one another cloſe, &c. What | Parts which are not burnt, which 
could have been ſaid more expreſs. | Particles of the Salrs being fixed in 
But (I ſuppoſe) this learned Gentle- | the Pores of the Plaiſter, keep its 
man, when he tranſlated this Place | Parts together : For the ſtiff Particles 
into Latin, being not very attentive, | of Salt, ſeem much more proper to 
overlook'd the connective Particle, | perform the Office of Wedges, than 
tellement que, Thirdly, He ſays, | the limber and flexible Parts of Wa- 
That he 2 es Hardneſs to ariſe | ter. But indeed, Plaiſter of Paris, 
from raſa, pus Contac?ꝰ and Refs, | Clay, and ſuch kind of Bodies, do 
which we have beſore confuted. Con- | therefore grow hard in this manner, 
cerning this, See the Notes en Art. | becauſe the Water in exaporaring, fo 
the gth of this Chap. Having thus | attrafts their Parts to each other, 
confuted the Opinion of our Author, | which before did not touch one ano- 
the learned Gentleman conjectures, | ther, that afterwards touching one 
« That the Particles of Water which | another in larger Superticies, they 
«1 difſokve the groſſer Lumps of the | cohere together by that mutual Attra- 
« Plaiſter, are ſo fixed into the leſ- | &ion, which depends upon imme- 
© ſer Particles, as, like 2.4 5 diate een. Chap. the Notes on Art. 
join many of hem together, and ſo | the gth of this 
— compoſe More au Maſs. Bur, | 9 


. 
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it, the Duſt into which it diſſolves it ſelf, is of two or 
three times as much Bulk as it was before. 

35. When the Water penetrates the Pores of certain 25: Thar ah 
Bodies which it cannot entirely divide; it is evident, that Ff g of the 
it will ſtop for ſome time; becauſe it muſt loſe its Mo- c Element 
tion, by ſtriking againſt the Particles which it touches: 4 nor fop 
But it is otherwiſe with he Matter of the Firſt and Second 1,5 1! 
Element, when it es through e Pores of hard Bo- dies. 
dies: For as theſe Pores, as ſmall as they are, are formed 
by its continual paſſing through them, ſo it leaves them 
big 3 * to find a Paſſage through, without ever 
being ſto . 

36 + cul it is to be obſerved,” that by bending a 36. N the 
hard Body, ſuch, for Example, as the Blade of a Sword, ee 
the Particles will be made to expand themſelves on the the Second E- 
Convex Side, and to contract themſelves on the Concave emer: paying 
| Side. So that its Pores will become ſmaller and ſtreight- 1 OP 
er on this Side; but this ought not to hinder the Matter ght 10 be. 
OW- I of the Firſt or Second Element from entring in, becauſe 
my ing very fine, and moving very quick, it ought rather 
d. to alter its own Figure and become longer, or to wear in 
ilter pieces the Matter which ſtreightens it, than to be hin- 
wrt dred . and fo the Porcs will not be ſtop- 
up by it. 

pet Tat becauſe the ſubtil Matter which paſſes through 37: hat the 
t be WF the Pores which are ſo very ſmall, cannot endeavour to 5 
ems went the Particles of the hard Body through which it %% f.“ 
e of W paſſes, but it muſt at the fame time endeavour to reſtore 
iar the fame Particles to the State they were in before the 
"he Body was bent ; it follows, that this ought to make the 


hich W Body grow ſtreight again. And thus we experience the 
= Provelty which is called Stiffneſs, and which Workmen 


cles W Call 1 the Power of Springing. 

— 8. However, this Property ought not to be found in 38. Ny #: is 
v. Sorts of hard Bodies indifferentiy, becauſe there are , 5 
ris, WM ſome, whoſe Pores are fo large, that though they be ai. 


do : . : ; ; 
0 ſtreightened by bending the Bodes, yet they will be (till 
310 * 
ers r. The Power of Springing) Since J But if the Parts of the Body ſlip 
no- this ſubtil Matter, as was before pro- under ene another, then the Body is 
"Ne ved, is only fictitious, it is much more | of that Sort, which will yield to the 
ey probable, that if a Body be compound- | Stroke of a Hammer; But con- 
ra- ed of ſuch Sort ot Particles, that it be } cerning the Laws of the Communi- 
16- compact, and bends or yields inward | cation of Motion, in ſuch Bodies as 
t. to Preſſion without any ſliding of its have 4 Power of ſpringin back, or 
Parts, it is hard and elaſtick, retwrn- | are Elaſtich, as they all it, when 
ing to its Figure with a Force ari- | they meet other with certain Forces. 
it, ng from the mutual Attraction of See the Notes on Chap. xi. Art. 6. 
its Parts, Newt, Opt. pag. 370-1 


K 3 wide 
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. wide enough to give a free Paſlage to the ſubtle Matter. 
Thus we can hs. a by our Sete, that the Parts of Steel 
which is not tempered, are larger, and conſequently the 
Pores wider, than thoſe of tempered Steel; whence it is 
eaſy to apprehend that the Pores may be ſtreightned, with. 
out hindring a free Paſſage of the ſubtle Matter through 
them; whence it follows, that when it is bent, it will not 
ſpring back again. 
39 Why e 2 Now to ſhow, that the Power of Springing conſiſts 
Kane Eis. intirely in the Smalineſs of the Pores of a hard Body, let 
ſtick, bybeing us conſider, that if a Plate of untempered Steel, be beat- 


7 beaten, whe en an Anvil when it is cold, it will acquire a Pow. 
> Dead 88 0 


2 er of 8 which it had not before. But it is mani. 
EAN feſt, cher this Beating does nothing elſe but make the Parts 
— way ar one another, and 2 Means Shar ers 
the Pores ; whence it follows, herein this 
Power. | 
40. How this 4o. It may be further obſerved, that if a Spring be held 
„ ben a time, without being allowed to recover it 
* fel, the fubril Matter will be forced to ater its Figur 
ing longer, if it be xo? to wear in pieces the 
Me of the hard Body ; or if it be, the Pores will W 
bigger and bigger, ſo as that the Matter of the Firſt and 
Second Element may paſs freely through them; and this 
is the Reaſon why the Body ought to loſe the Power of 
recovering it ſelf, in proportion as it is capable of being 
worn, which agrees with Experience. 
47. Whence 41. The Force with which a Body unbends it (elf, de- 
the Force with yends partly upon the Suiftneſt of the Motion of the ſubtil 
Spring n- Matter, and partly upon the great Number of Pores through 
bends it ſelf, which it paſſes at a Time : But it depends chiefly upon 
—_ the Diſpoſition of theſe Pores as they become inſenſibly fe ter 
| aud ſtreighter. For by this means, that which into 
them ought to have the fame Force, and to produce the 
fame Effect, as a Body which paſſes between two others, 
whoſe Superficies are almoſt parallel. Now according to 
theLaws of Mechanicks, though the Body which thus 
paſſes between two others be very ſmall, and moves but 
lowly, it will notwithſtanding, have an incredible Force 
to ſeparate thoſe two from each other. 
4z:YVly 42. When the ſubtil Matter begins to remove the 
— Parts of the Body which are in its way, it has their v hole 
Fering them- Reſiſtance to overcome, and alſo ſorne of the Reſiſtance 
ſelves, of the ſurrounding Bodies: Now becauſe every I hing 
3 endeavours of itſelf to continue in hat State in which it 
once is, and therefore the Bodies which have received a 


as two ds As. uns th Aw 2 1 


—_ F 0 and Aawen Js 


parate them ever fo little, but their whole Continuity 


dy, that is, of a 
and Glaſs, on the other hand, for an Inſtance of a britz/e ber Body 


I have faid; if we conſider the Place where a Piece of 9 eth. 


between the Particles which are at the End of the other 


ly. without entring in between them. 


and leſs towards the other Side, there cannot enter into ;,, 7, bat, 
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certain Motion, continue of themſelves in that Motion; 
this ſubtil Matter cannot continue to impell them, but it 
muſt increaſe rheir Motion ; and it may fo happen, that 
by its impelling and moving them in this manner, it may 
ſo far divide the Particles of the Body, through which it 
paſſes, from each other, as intirely to ſeparate and break 
them ; eſpecially if the Body be brittle. 

43. Now in order to underſtand how it is, that ſome 43. ha 
Bodies will bend. without breaking, and that on the con- = — — 
trary, others will very eaſily break; it is to be obſerved, l of 2 
chat the Texture of ſome may be ſuch, that their Par- Boy conſis 
ticles may be intermixed with each other, like the Rings 
of a Chain, or the Threads of which a Cord is compo- - 
ſed. Now it is eaſy to conceive, that theſe Bodies ma 
be wound ſeveral times round without breaking, becauſe 
their Particles are ſo hooked together, that they may be 
bent any way. On the other hand, there may be Bodies 
which are nor of ſuch a complicated Texture, which are 
hard only, becauſe their Particles touch one another in a 
few Places: Whence it follows, that one cannot ſe- 


wy be deſtroyed; and theſe are what we call brittle 
Bodies. | 
44. Leather may ſerve for an Inſtance of a lunber Bo- 44: 77% the 


lace in 


y that will bend without breaking; h a Hu- 


Body ; that is, one that will break before it will bend 2 4. 1 
And there will be no doubt, but that the Limberneſs of and har of & 


the one, and the Britzleneſs of the other, conſiſts in what #ritr/e Body 


Leather is pulled afunder, and the Place where a Piece 
Glaſs is broken: For the Leather appears unequal, and 
as it were untwiſted, which is an evident Sign, that the 
Particles which are at the End of one Part, entered in 


Part; and on the contrary, the Breach of the Glaſs appears 
very well poliſhed, which is a Sign, that the Particles of one 
of its Pieces, touched the Particles of the other Piece on- 


45. If Glaſs, which is very brittle, have very large 45. vY5y 


Pores on ons Side of its Superficies, and which grow leſs 5e new 1 


ly made, are 


theſe large Pores, ſubtil Matter enough to fill them, but withou: being 
that by T its Motion very quick towards the wei. 
ſtreighter Parts of the Pores, it muſt wholly diſunite the 


Parts, Now when a Drinking-glaſs, which is juſt made, 
K 4 grows 
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| ome cold on a ſudden; it is impoſſible -but that the 
0 


46. To hinder 


Glaſſes from 
thus break- 
Ing · 


47. A farpri 
a Property 
of 4 Glaſs 
Drop. 
Tab. III. 
Fig. 1 


res muſt be larger where the Glaſs is thickeſt, becauſe 
the Heat, which dilates Bodies, continues longer here than 
in the other Parts: Wherefore the ſubtil Matter which 
enters into theſe large Pores, going on ſwiftly, and with 
great Force, i 'muſt break the Glaſs in the Places where 
the Pores are ſenſibly leſs. And this ſo commonly ha 
Pang, that it is ſomething ſtrange, if a hyndred Glaſle 

expoſed to the Air as ſoon as they are made, if one 
of them eſcape without breaking. | | 

46. The Glaſs- makers have a Way to prevent this In- 
convenience, by putting the new-made Glaſſes into the 
Arch of the Furnace, where they are removed by little 
and little out of the Flame, ſo as not to get above the 
Space of nine or ten Foot, in fix Hours time, and then 
they are expoſed to the open Air; and fo all the Parts 
growing inſenſibly Cold, the one as well as the other, 
the Pores are equally ſtreight every where, and the ſub- 
til Matter which'can enter into one of them, can run 
From thence freely, through all other Parts of the Glaſs 
where the Paſſages ate equally open. 

47. What we have now faid concerning the Cauſe of 
G being broken as it were of lves, a 
Way for us to explain a kind of a Miracle in Nature, 
which was lately diſcovered and brought hither from 
Holland, and which has travelled through all the Uni- 
verſities of Europe, where it has raiſed the Curioſity, and 
confounded the Reaſon of the greateſt Part of the Phi- 
loſophers. It is a kind of a Drop of thick Glaſs, and ſuch 


as the Glaſs- Windows are made of, near the ſame Shape 


and Bigneſs as deſcribed in the Figure. It is entirely So- 
lid, except ps we may ſometimes, ſee a few ſmall 


Bubbles of Air in the thickeſt Part of it, as at D, where 


it will bear pretty hard Blows of a Hammer without 
breaking. And yet, if the little End of it be broken off 
2ny where near B, the whole Body will burſt in Pieces 


with a Noiſe; and we ſhall ſee it ſcatter it ſelf all round, 


ſuxder many times into fix hundred * 
; iq, FEY 3 ET NIST . 


1. Maſt break the — But it | Pieces. Hence the Chymiſts Veſ- 
may be (and it is more likely) that | ſels are often broke. Hence they 
the Cold, by ſtopping the Motion | who cut Drinking-Glaſles into Spi- 
of ſome of the Parts on a ſudden, | rals, firſt puta red hot Iron near them, 
whilſt the reſt are in great Motion, | and then pour cold Water on the 

s veſſels made of Glaſs. For | Part of the Glaſs which is heated. 
thus almoſt all Bodies are broken by | And hence Drinking-Glaſſes are re- 
the ynequal Motion of their Parts; | ported to be broken only by the 
Hence a Tile by one Blow burſts a- | Voice bending them, 7 


and 


9 
* 
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and to a diſtance, in a Powder, which though ve- 
ry ſmmall, its Parts cracked in ſo many Places, that 
it is eaſy to divide them 1 them between ones 
Fingers, which may be done without any Danger of 
pricking them, as there is, if we ſhould handle a piece 
of Glaſs ſo, after it is powdered in a Mortar. 

48. To fay the Truth, this Phenomenon is fo ſingular, 48. Of the 
that it is no wonder it ſhould at firſt Sight ſurprize us. ae Ace 
But if we conſider it more cloſely, it is eaſy to obſerve, 7 te Parts 
that there is nothing elſe a but only the local Mo- & the Drop. 
tin of the Parts of the Body, which are carried from 
the Center to the Circumference: Now as we cannot 
conceive how a Body ſhould begin to move of it ſelf, 
without being put in Motion by another Body which 
was in Motion before; fo it is eaſy to imagine, that the 
ſcattering about of the Particles of the Glaſi-drop, is 
owing to ſome Matter which getting into its Pores, preſſes 
upon them and divides them, in the ſame manner as we 
11381 it is driven into a Body with great 
Force and Velocity, ſplits it, and ſeparates the Parts from 
each other. And there is no Doubt at all, but that this 
is the fame Matter which breaks the Glaſſes in the Glaſs- 

Houſe, when they are ſuffered to cool too ſoon. f 

49. Now in order to underſtand how this Drop could 49. r 
acquire a Diſpoſition proper to produce this Effect, there Db 
5 Reaſon to gueſs, that the Workman, who makes a Se- the Parts of 
cret of it, has a Way of cooling it all at once, by dipping n P# * 
it when it is very hot into ſome Sort of Liquor, which hin- 
ders it from breaking in pieces: For we ſee by Experience, 
that Glaſs which is ſo cooled in Water, breaks into ſmall 
Pieces. But be this Liquor what it will, it is certain, that 
the Parts of the Drop, which are neareſt the Surface, cool 
firſt, and by communicating their Motion to this Liquor, 
loſe what they had before, which kept them art a little di- 
ſtance from each other; and fo they are condenſed, and 
contract their Pores, and fit them to the fineſt Parts of 
the ſubtil Matter, which preſerves its Paſſage through 
them. But this is not the Caſe of the internal Parts of 

the Drop, which not being cooled till after the other, 
cannot contract themſelves ſo, becauſe thoſe other being 
grown hard, and diſpoſed like an Arch, do not at all 
preſs upon them; ſo that the Pores which are amongſt 
the Parts neareſt the Middle, are large, and grow leſs and 
leſs as _ come towards the Superficies. And this be- 
ing allowed, there is a' plain Reaſon for what cauſes fo 


great 


50. It 
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50. Thatit Fo. It is no wonder that the will bear the Bloiyg 
_— of a Hammer, becauſe it is thick enough for that : 
a Hammer. — 3 Pieces of Glaſs of the ſame Bigneſs will do 
51.That they 51. It is alſo manifeſt, that they ought not to break 
of of themſelves, as the forementioned Glaſſes do, be- 
themſelves, Cauſe the ſubtil Matter which paſles through them, finds 
as free a Paſſage to come out, as to enter in. 
52. How i: 52 · But when the little End is broken off near the place 
Flies in pieces. marked B, we can there ſee very large Pores into which 
the larger Particles of the ſubtil Matter entring in a great 
Quantity, and er to move from thence very ſwift- 
ly, towards every part of the Superficies, where the Pores 
grow ſtreighter, they cannot but 1 ſeparate every way the 
arts of the Glaſs, and fo divide them into that Powder 
ze, This Truth is confirmed by obſerving, Firſt, Thu: 
53- YViy it $53. This Truth is by obſervi irſt, 
—— * of all, which is 4 A, is ſo ſmall, that 
* "vary Eng there could be no ſenſible difference in cooling between 
of all is bro- the inſide and the outſide, ſo that the Pores there are of 
764 1. an equal Bigneſs throughout. | Wherefore if the End be 
Fig. 3. broken off thereabouts, this will not give leave to the 
ſubtil Matter to let in its groſſer Particles, any more than 
if it were not broken at all, and conſequently the Drop 
ht not to burſt in Pieces; as by Experience we find 
it does not. 
54+ That the 54. Farther, if one of theſe Glaſs Drops be made red 
Prop, 94: hot in the Fire, and then ſuffered to cool lowly, its 
buche es oſs Pores will then become very near equal, in like. manner, 
irs Vertue of as Workmen: neal Steel. After which, if the End of the 
— Drop be broken off any where, becauſe there can no ſub- 
| til Matter enter in, but ſuch as, can go out on all Sides 
with as great Eaſe as it entred in, therefore 2 
not to burſt in Pieces at all; which alſo we true by 
Experience. 
» Sepay, . it ĩs, that 
Glaſs 1 Body 9252 Pons —— 14 16 bartl Peek i File 
ot Springing, it is probable, that this | are diſpoſed like ſo many Radil 
Glaſs Drop is broke in the ſame | drawn the Axis to the Superh- 
manner, as a Steel Bow burſts in | cies) as Mr. Hook obſerved in 2 
pieces ſometimes, when it is looſned | Glaſs Drop covered over with Glue. 
on a ſudden; viz. by the too great | See Hook's Micrography Obſerv. 7th. 


Celerity and Force of that Motion 2. Onght not to burſt in 2 For 
which ariſes from the mutual Attra- | the fame Reaſon, that 


| ere is no 
Con of its Parts. For its Parts er of breaking a Bow when it is 
from the Center to the Circumfe- looſned. 
rence, ſeem to be like ſo many Bow 


55. Laſtly, 
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55. Laſtly, To confirm what has been ſaid of the In- 55- Some cu- 
equality of the Pores which are in the Middle, and thoſe Jun Eo 
near the Superficies in theſe Sort of Drops, I carried three pidories. 
of them to three different Lapidaries: The firſt of them b. Hl. 
I ordered to cut the Drop which I gave him, with PoW-— 7 
der of Diamond about the Place C. I ordered the Se- 
cond to drill a Hole in his, with the ſame Powder about 
D, and I ordered the Third to put his upon the Wheel, 
and grind it plain at E, with Powder of Emery: Now 
after theſe three Workmen began ſeparately to work up- 
on them with as much Caution as they do upon Pearls or 
Stones of a great Value, and had ground with theſe Pow- 
ders as mach off from the Drops as amounted to the Thick- 
neſs of a French Two youu which I reckon i as far as the 
ſmall Pores reach, I ſaw each of them burſt in pieces as 
uſual, to the great ſurprize of the Workmen, who did not 
at all expect any ſuch Thing. 
56. But to return now to the Conſideration of Liquids. 56. Of two 
I obſerve 'firſt, That if they be all reduced to two Species, EE 


ferences iu 


the one comprehending all thoſe which we call zhin, and Ziqurs. 


the other, all thoſe which we call far, it will not be dif- 
ficult to determine what their principal Difference con- 
ſiſts in. For ſince the Former is very eaſy to evaporate, 
but the Latter evaporates with great Difficulty, we can- 
not but think, that the —.— of — one, muſt be of 
very ſimple Figures to be able to diſingage themſelves 
From each other, _ the — - the —_— of more 
entangling Figures, ſomething like Branches of Trees, b 

which they hold each — ref 4 

57. And this is confirmed from hence, that if a Veſ- , 57- 77% 
ſel full of hn Liquor be ſo inclined, as to pour it out boar m_ 
ſlowly, the Liquor will run about and divide itſelf into a 5s bend in 
great many diſtinct — whereas if it be a fat Li- Præs. 
quor, it will go on in a long Thread, whoſe Parts are un- 
interrupted. 

58. This being ſuppoſed, we ſhall not think it at all 58. 7 
ſtrange; that Oil or Air is ſo hard to mix with Water: Je Liquors 
the Reaſon of which is, becauſe the Particles of theſe — EP 
Liquors unite together much eaſier than they do with the 
Particles of the other : Whence it is, that if Water and 
Oil put into the ſame Veſſel, be fo ſhaked up together, 
that they ſeem to compoſe but one Liquor, they cannot 
continue ſo long, before the Particles of the Oil which 
meet each other, will entangle themſelves ſo as to com- 
poſe ſeveral Drops, which becauſe of their Lightneſs, riſe 
up, at the ſame time that the Particles of the 2 

orion 
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Motion cauſes them alſo to meet, join together likewiſe, 
and compoſe other Drops which fink downwards: And 
this is the Reaſon why theſe two Liquors entirely clear 
themſelves of each other, and become diſtinct, the one 
at the - 3 — at _ * f 
9. That the . It is-worth obſerving t the Drops of Liquors, 
L ok bers n A ſwim in a large Quantity of other 8 which 
ſwim in ano- they will not mix with, are all round like Balls. This 
rler Liquor, cannot be perceived in Drops of Rain as they fall in the 
ore round: Air, by reaſon of the Swifral of en; on the cor 
trary, t rather to a o, as we ſhould 
rake tem for ſmall Columns; for the N 2 that 
a lighted Torch moved quick, a e a long Train 
of Fre A better Wa — os —— take, in order to 
ſee if the Drops of Water which ſwim in the Air be 
round, is to put a little Water into the Hollow of one's 
Hand, and to throw it up into the Air, about the Height 
of our Eyes; for then it ill divide it ſelf into a great 
. ſmall Drops, which beginning to deſcend very 
— give the Spectator an Opportunity of obſerving their 
ure. | 
60. The Opi- Sh This Phemenon has always been obſerved, and a 
a7 i Reaſon for it attempted to be given, by ſaying, that the 
Jr wth rg + Parts of the ſame Liquor have a mutual Affection for each 
Rexndueſ; of other; whence follows a Deſire of uniting together, which 
chefe Drops. cannot be done perfectly, but by com » Ball, for 
if they compoſed any other Figure, thoſe arts which 
were moſt diſtant from the Center, would tend towards 
it witha greater Force than thoſe which are nearer it, and 
conſequently make them < way, and remove back till 
they are all equally placed abqut the Center, and fo be- 
| come round. MS. 
gr. , G1. But becauſe theſe Words, Affection and Nefire haye 
Frtation of no Meaning, that we can apprehend, unleſs they be aſcri- 
— 28 bed to Subjects which are capable of Knowledge, there- 
ans, fore we cannot apply them to the Parts of Water, with- 
out ſpeaking very improperly and obſcurely. Wherefore, 
theſe are fo far explaining a Thing which ought to 
be very eaſy, (for we are only inquiring into the Figure of 
a Body;) that they perplex it with Terms which have no 
clear and diſtinct Signification when applied to ſuch Sub- 
jects. Further, let this Deſire of uniting be explained how 
it will, it is very abſurd to aſcribe it to Subjects which 
ſeem naturally to be fitted to aiſunite from each other, be- 


cauſe Nature has made them fo capable of diſuniting. 
62. In 


Drop of Liquor, and which are hindred from going on Preps of L. 
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62. In order then to find out the Cauſe why the Drops 62. Thee Bo- 


of Liquors which ſwim in others, are round, we muſt 4e ar 
keep this Truth in our Minds: That every Thing endea- of the way, 
vourt, as much as it can, to continue in that State, in g gte to 
whixh it once is, and conſequently, that which is in Moti- — 
on, would continue to move with the ſame Determination of a Circle 
with which it began, that is, according to what was before fi 7 Eine, 
ſaid, in the ſame ſtreight Line. Thus, if the Body A, for and the Cir- 
Example, is moved the Line*AB, it is determined «ference of 
at the Beginning of this Motion to go towards C, and it 5," 
will never of its ſelf tend to go towards E or towards D. chan of 4 
However, if when the Body is come to B, it meets with J- At. 
any Obſtacle there, it may turn out of the Line BC and pig. 6. 
in ſome other Line. But becauſe it is forced out, it 
Bons, that it will go as littie out as it can, that is, when 
it quits the Line AB at the Point B, it will tend to move 
in a Line which will make the leaſt Angle that can be 
conceived with the Line BC. And becauſe the Line BD 
does not make ſo ſmall an Angle with the Line BC as 
BE does, we cannot but think, that the Body A tends ra- 
ther to move in the Line BE than in the Line BD. And 
becauſe the Circumference of 2 Circle, of which BC is 
the Tangent, makes a leſs Angle with BC than any An- 
gle comprehended betwixt two ſtreight Lines. We muſt 
conclude, that the Body A, when «it is arrived at the 
Point B, will refiſt turning into the Circumference of a 
Circle leſs than into any ſtreight Line. Laſtly, Becauſe 
it is certain, that the Circumference of a great Circle makes 
a leſs Angle with its Tangent, than the Circumference of 
a ſmall Circle does with its Tangent, we muſt alſo con- 
clude, that the Body A, when it is arrived at the Point 
B. where it is forced to turn out of its Way, will reſiſt 
ſtill leſs, the deſcribing the larger Circumference BG, than 
the-ſmaller one BF. 
63. This being ſo, if the Particles which compoſe a 63. 73 tte 


in their Motion, by the Liquor which ſurrounds them, be 2%, 
compared to the Body A; and all that has been faid of 
the Body which made Reſiſtance to it at B, be applied to 
the Particles of the ſurrounding Liquor, which do not 
make fo great Reſiſtance, but that they can retire back 
a little ; we conclude, that the Particles of the Drop, do 
gradually remove thoſe ſurrounding Particles which get 
witkin the Spherical Superficies which the Drop may be 

COM. 


| 


6. That 


Drops, any 2 . 5 
: required in order to make Experience 
my — monſtration: The Firſt is, That the 


ed, ore 
be a little 
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com under. And becauſe 1 the World is full, 
and the Particles which are removed out of their Place, 
have no. where to go, without removing as many others, 
they muſt neceſiarily be driven to thoſe angular Parts of 
the Drop which are without that ſpherical Superſicies; 
and fo the Drop will of it ſelf become of 4 round Figure, 
though the ſurrounding Liquor contributed nothing elſe 
to it, but only not reſiſting it at all: But becauſe the Par- 
ticles of this Liquor, · are more hindred from continuing 
their Motion in a ſtreight Line, by the angular Parts of 
the Drop, than by the others which are nearer the Center, 
it is evident, that muſt force them towards the Cen- 
ter, and at the ſame time make theſe other remove fur- 
ther off from it. 2 And in this manner the fi i 
Liquor contributes as an efficient Cauſe, towards making 
the Drop round. Nay, we may affirm, that it does the 
greateſt Part towards it, if, all other Things being alike, 
this bem oved with the greateſt Celerity. 

64. Bur it is to be obſerved, that there are two Things 
agree with this De- 
ſurrounding Liquor 
be not more than uſually agitated by any external Force; and 
Secondly, 'That the Drops be not any oy ſupported, at 
leaſt; when are of any conſiderable Bignels, for then 
their Weight, which is ſuperior to the Cauſe which makes 
them round, will make them a little flat, ſo that they 
will be round only in that Part which is parallel to the 
Horizon. As we ſee by Experience in Drops of Water 


1. The VVorld is full) See the 
Notes on Chap. viii. ; 

2. And in this manner) A Portion 
of any Liquor, incloſed in another 
Lin which it does not mix with, 
will preſerve its Figure, whatever it 
be, without any Alteration, if the 
Parts of the ſurrounding Liquor be 
at reſt, with reſpe& to each other. 
See Newt, Princip. Book II. Prop. 20. 
Cor. goth. But if the Parts of the 
furrounding Liquor be agitated, the 
incloſed Drop muſt neceſſarily be 
compreſſed into a globular Figure. 
For the Superficies of any other 
Figure is greater chan that of a 
Globe, and therefore expoſed to 
more Attacks from the Par:s with 
which it does not mix coming up- 
on it on all Sides; and becauſe 
whatever is preſſed upon on all 
Sides, retires thither where it 
may be leaſt preſſed upon; it is e- 


| and-the fame Li 


vident, that the Parts of the incloſed 
Drop, muſt gather themſelyes into 
the Form of a Globe, when they 
will be leaſt preſſed upon. And this 
they will do, if there were no ſuch 
Thing as Attraction. But fince the 
Drops of Water and of other Li- 
ors, gather themſelves into a round 
igure, in a Vacuam, as well as when 
incloſed in any Liquor, the Cauſe 
of this _—< means to be aſ- 
cribed to the mutual Attraction which 
there is berwixt the Parts of one 
quor. (See the Notes 
on Chap. xi. Art. 15.) For the Drops 
of every Fluid affect a ro Figure, 
the mutual Attraction of their 
arts: In the ſame manner as the 
Globe of the Earth and the Sea af- 
fefts a round Figure, by the mutual 
Attraction of its Parts by Gravity. 


Newt. Opti pag · 370+ 
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contained in it; it is to be obſerved, that a Li 
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which reſt ſuch Leaves of Herbs as will not 
wet, and in thoſe put upon a duſty Table, as alſo in Drops 

of Oil or melted Greaſe ſwimming on Water, which in- 

deed are not round, but only on that Part which is level 

with the Horizon, for on the other Sides, they are flatter 

in proportion to their Bigneſs and Weight. 

65. This laſt Obſervation ought to be underſtood only „. * 
upon Suppoſition, that all Things elſe are alike. For it Qui ſilver 
is not at all impoſſible, but that of two Drops of different «re more 
Liquors, that which is the NN be the round- B, f 
eſt, provided it be alſo the ſmalleſt: Reaſon of which Water. 
is, that all the Particles of the Liquor which ſurrounds 
the Drop, do not help to make it round, but thoſe onl 
which are applied to the Surface of it; the reſt, whic 
enter into the Pores, ſerve rather to diſſipate it. Where- 
fore a Drop, which is ſmaller and heavier, having its Pores 
leſs, and perhaps a leſs Quantity of them than other, 
which is — and lighter, has alſo its Surface more con- 
tinued, and conſequently gives more Opportunity to the 
Cauſe, which makes it round, to work upon it, and leſs 
to that which would diſſipate it. Thus we ſee, that a 
Drop of — Gree is always more round than a Drop of 
— — F 0 lght, 66.39 

66. On the contrary, Spirits of Wine, being very light, 65. Nbence ie 
muſt have ſo many Pores, and the Superficies of & muſt f p07 0142 
be ſo — that there can be but a very few Vine dor't 
Particles of the Air applied to it to make it round, the 774% them 
greateſt part of them paſs through it, and tend to diſſi- ; 
pate it; alſo this is a Liquor, which it is very difficult to di- 
ſtinguiſh into Drops, as may be tried, by putting a little 
of it into our Hand and throwing it up into Air; 
for if it be well rectiied, it will not fall down in Drops, 
as Water does, but it will be fo diſſipated by the Air, 
that none of it will appear ſenſibly on the Ground. So 
alſo if it be thrown = a _ able, it will not gather 
into round Drops, ut ſpr it ſelf about, mix 
with the other Bodies which it meets with, nay even 
with Soot it ſelf, which Water will not moiſten. 

67. Having thus ſhown what kind of Superficies that 65. yy, 
which is common to two Liquors, the one incloſed in. the Liqaer wil! 
other, is; it may not be amiſs to ſtop a little, and examine 2. r {one 
what ſort of Superficies that ought to be, which is between noe others. 
two Liquors, the one contained in a Veſſel, and the other not: 

But becauſe there may be ſome Difference in this, according 
as the Veſſel will be wetted or not wetted by the Liquor 
Liquer there- 


fore 
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fore wets a hard Body, becauſe it immediately touches its 
Superficies, and that another Liquor does not wet it, be. 
cauſe it does not immediately touch its Superficies 3 but 
there is room leſt for the ſubtil Matter to paſs between the 
concave Superficies of the one, and the Convex Super: 

22% . This being fappoled; we conclude firty tha 
68. That the 68. This bei 3 we co „ that if a 
pat very clean Glaſs, whe u is of an equal Height 
a clean Glaſs all round, be exact l 2 with Aer, the Surface of the 
exa@thyfullis Water will be ly level and plain, becauſe the Air 
7er. which —_— it, does not prefs more upon one Part than 

upon another. 

69. That the 69. But if the Glaſs be not full of Water; the Superf- 
Superficier of Ties ought to be Concave, 1 becauſe the Air which comes 
i in at the Mouth of the Glaſs, and circulates about the 


dere Glaſs Glas and the Water, as if they were one continued 


_——— ing, cannot ſo eaſily turn to move along the internal 
ihe Glaf, is SupErficies of the Glaſs, as continue its Motion in the 


wor fall. Middle: From whence, being to go out again at the 
Fas. Mouth of the Glas, ir deſcribes 2 Curve in a contrary 
*7" Poſition, to what it did when it entered in, much the 
fame as is deſcribed in the Figure; fo that the Water 
is preſſed more in the Middle than on the Sides, and conſe- 

is quently muſt riſe towards the Sides. ; 
70. Whythe 70. Experience would ly agree with this Reaſon- 
Concave Se- ing, were it not tliat as the moſt convenient Motion for 
_ *r the Air is in a Circle, ic ſhould ſeem, that it ought to 
bend the Surface of the Water into the Form of a Con- 
cave Sphere, which yet it does not do; For the Sur- 
face of the Water is curved only towards the Sides, and 
is perfectly level in the Middle. But the Reaſon is plain; 
for if the Glaſs be large, a great Quantity of Water muſt 
be raiſed up to make the Curvature ſo convenient, as 
Weight” requires, which it is certain is reſiſted by its 

t. 
1. That th 71. And for Proof of this; If into a ſmaller Tube of 
ow Szr- Glaſs, in which a ſmall Quantity of Water riſing at the 
8 Sides makes its Surface ſpherical, ſome Water be poured, 
ſmaller Tube ſo as not to fill it, we may obſerve, that it will con- 
Fate '* tinue in the ſame manner —— though the Tube be 
Tab, 1, inclined as you ſee in the Figure; where the Curvature 
g · 8. 


I. Becauſe the Air) Since all theſe } Gibbous or Concave, according as the 
Phænomena are che ſame in a Vcr- | Particles of the Liquor are more or 
um as in the open Air; we muſt | leſs mutually attracted by each other, 
aſſert, that the Superficies of any | than they are by the Matter of which 


ABC 


Liquor contained in any Vellel is * the Veltel is made. 
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calle it does not wet the Glaſs, but 
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ABC ts the Surface of the Water, which is there- 

fore above the Level, and manifeſtly higher at A than at 

O becauſe that Poſition of the Water agrees better with 

the Motion of the Air, which would be more turned 

back, and with greater Force in the Place D, if the Wa- 

ter were more upon the Level VBE. 

72. The ſame Cauſe, which hinders the Water from 72. % 4 

15 Arg in an inclined Tube, hinders a Bottle alfo ved, 
as 2 very 


whi | ſtreighe Neck from ing it ſelf, when filled 
when it is near ——7 and the unequal Hegi of the ful e, 
two Parts of the Water which endeavour to come out at 27 7, F. 
the ſame time, ſhould ſeem to deſtroy the equilibrium of tem pad, 
the Air's Preſſure, which and ſupports it by its WY anpey 
Weight: For Example; Though in the Bottle here de- Tab. III. 
ſcribed, the Height of the Water which endeavours to Fig. 5 
come out of the Bottle at C, is greater than of that at A, 

and therefore ſhould ſeem to be able to force the Air to 
deſcend at C, and to riſe again by A, and get into its 

Place; yet this does not ha becauſe the Parts of 

the Air now deſcribe the Curve ABC; and the Dif- 

ference” of the Weight of the Water at A, above that 

at C, is ſo very ſmall, that it is not able to make the 

Air to deſcribe a Line that is more curved, as it muſt 

do, if the Water which deſcends by C, took up part of 


- 


the Width of the Neck. er ff wr, U 
73. I a little more Water be poured into a Glaſs of the 73. That the 
common Shape; than will fill it exactly full; as that which T of 
would run over the Sides, is more expoſed to the Power i the 
of the Air than any other Part is, it follows, that the 6% is 5-0p- 
Air ought to puſh-it back towards the Middle, Where it e. 
ought to be higher, in order to its more convenient Mo- 
tion. And thus we ſee that a Glaſs, may be filled heaping 
full, and that the leſs the Glaſs. is,. the nearer does the Su- 
cies of the Liquors it contains approach to a Sphere 
it does not ſaſtain the Weight of ſo great a Quan- 
ty of Water, and the Force of the Air is ſufficient to 
e . or be een Siber Reabon wi 74: 1 «s 
74. It the be greaſy, or for any ot ill 24. That the 
not * mage wet, — Cnantite of Water be put in- > py 4 


to it, 1 the Superficies ought always to be convex, be- C4 79 A 
. * » 0 1 7 
cauſe its Figure does not ſo much depend upon the ex- 2 % , 


tween the inter- werred, onght 
alſo to be con- 

in Veſſels of Gold that are not full, ex. 

its Superficies is concave, as that of 

Water is in Glaſs, See the Notes on 

Art. 69. abo e. 


ternal Air, as upon the Air that flows 


1. The ! by ht always) 
Thus the SR or Crckchtes in 
Glaſs Tubes, is always gibbous, be- 


nal. 
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nal Parts of the GlaG, and the external Parts of the Li. 
quor which it contains; which by its continual moving 
round, blunts the external angular Parts which reſiſt its 
Motion, and forces them towards the Middle, or elſe 
forces them inwards, and ſo cauſes the Water to raiſe it 
ſelf up towards the Middle, where the Air oppoſes its Paſ- 
ſage leſs, becauſe it cannot get thither, but by altering and 
bending its Courſe. 19 04 VI ee 
75. Whyſome 75. From what has been ſaid in the two. foregoing Ar. 
le le ze ticles, we infer, that the Air which depreſſes the Middle 
of the Water, Of the Superficies of the Water in a Glaſs not full, ought 
are carried from the ſame Caule, to drive light Bodies which ſwim 
1 it, and touch it immediately, toward the Sides: 
Sides, is I have experienced in ſmall Globules of Glaſs full of 
Air and cloſed up, which an Enameller made as light for 
me as he could; for theſe being put towards the Middle 
of the concave Superficies of the Water in a ftrait 
Glaſs not very full, it was very pleaſant to ſee them dri- 
ven from thence to that Side of the Glaſs which was near- 
eſt to them. | Pan Wat 
76. That this 76. Becauſe I made uſe of a ſmall Globule of Glaſs, and 
Motion is not A Veſſel of the fame, in this Experiment; ſome Perſons 
conſent 4t-;perhaps, may itnagine, that this Globule moved towards 
the Side, becauſe it was attracted by the Glaſs : But it is 
very eaſy to confute this Imagination; for not to men- 
tion the Obſcurity of that Word, the ſame Thing wil 
bappen in a Veſſel of Wood, or of any other Matter what- 
ſoever, 1 which we cannot ſuppoſe to have any Sympathy 
Win ehe Gibule . vi 
77- That the 77. But that which evidently overthrows this Opinion, 
Jone Bet, and confirms that which I have advanced, is, that if At- 
from the Sides traction had any Thing to do here, the Globule ought to 
2 ſwiftly from the Middle to the Side of a convex 
Glaſs heaping Superficies of the Water in a Glas heaping full; for 
full. the Attraction, the Declivity ought to help its Mo- 
tion. Which yet is not ſo; but on the contrary, it moves 
from the Side towards the Middle, as it ought to do, if 
what I have affirmed be true; becauſe; as Was ſaid be- 
fore, it is the Sides which are moſt expoſed to the Force 
of the Air, and the fame Cauſe which drives the Water 


from the Sides to the Middle, ought alſo to drive the ſmall 


Globule. 


1. FV high we cannot ſuppoſe) See the Notes on Chap. xi. Art. 15. 
| , 78. But 
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78. But it is to be obſerved in theſo Experiments, that „8. 57 4 


the Body which floats on the Top of the Water, muſt 3 
immediately touch it, or which is the ſame Thing, muſt Water, when 
be wetted by it, that the Air may be forced to move . J 6 
round them boch, as if they were one continued Body. — ren 
But if the Body which floats on the Water does not im- the contrary 
mediately touch it, or is not wetted by it, we experience hone 
the contrary; that is, the Body will deſcend from the Sides Gef. 
towards the Middle, when the Superſicies of the Water is 
concave, and from the Midale towards the Sides when the 
Superficies is convex, becauſe the Parts of the Air which 
paſs under the Body depreſs the Liquor all round, which 
produces the ſame Effect, as if, when a large heavy 

ical Body was fixed upon the Declivity of a Moun- 
tain, we ſhould take away the Earth equally all round 
it, and put Leavers under it to ſupport it; for it is evi- 
dent, it would by that means be diſpoſed to deſcend to the 
Bottom of the Mountain. 

79. It is to be obſerved further, that when a Body 79. How fach 
which weighs more than an equal Bulk of Water ſwims ; * 
upon the ater, as a Needle made of Steel will do, the — 
Reaſon of it is this; that the Air which preſerves it {elf Mater. 

a Paſſage between the Body and the Water, ſupports it 
and hinders it from ſinking: For we ought not to think 
that it from hence, that the Parts of the Water 
are harder to be ſeparated near the Superficies, than deeper 
in, as we may be apt to imagine; for having cauſed ſome 
{mall Needles to be made of Glaſs, which were lighter - 
than the Steel Needles of equal Bigneſs, and laid them 

ty upon the Water, they always ſunk down to the 

ttom. | 

80. From hence, viz. that the Body — in the Wa- 80.77 Li- 
ter will be moiſtned, or r ag it follows, that the 977% /one- 
Water will % up on the Sides of ſome Bodies higher n 4. $146, 
than it is any where elſe, or that it will be depreſſed low- of ſome Be- 
er; The Reaſon of the Firſt is, becauſe the Air which 13 
moves from one Side of the Veſſel to the other, and paſ- en « litt 
ſes over the Body, permits the Liquor to riſe in that . 
Hollow which the Air cannot withour great Difficulty turn 
into: whereas when it paſſes under, as in the Second 
Caſe, it depreſſes the Liquor all round. And of this a 
Multitude of Experiments may be made, and an infinite 
Number of them are made without any Notice being ta- 
ken of them; for every time we dip: our Pen into the 
Ink, we may obſerye, that [4 it be moiſtned, the Ink — 8 

r riſe; 
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riſe; and on the contrary, that the Ink is depreſſed about 

| the Pen if it is not-moitt. 
$1. Ny the 81. If two plain Bodies which the Water will wet, ſuch 
Water will. as two Pieces of clean Glaſs, be put very near one ano- 
| 24. ther, and dipped a little way into a Veſſel of Water; the 
Part where Air which moves from one Side of the Veſſel to the o- 
— — ther, in order to get over the Obſtacle that lies in its 
way, ought rather to paſs over the Top of the two Glaſ- 


ted to each o- 
cher, when ſes; than to deſcend into that ſtreight Place which is be- 


hey are 49- tween them: So that the Water is not ſo much preſſed 
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| —+ here as it is in other Places, where the Air can go with- | 


into it. 
out, bending its Courſe ſo much, and ſo it ought to riſe 
to a conſiderable Height above the Level of the Water 
contained in the Veſſel; and thus we ſee by Experience 
. that it does. 3 
82. Why the 82. And there is no Doubt but that the Water would 
Water is ſeen riſe ſtill higher, if the two Pieces of Glaſs were cloſed 
n on both Sides, for by that means almoſt all the Air which 
Glaſs Tubes. moves croſs, without bending its Courſe, would be hin- 
dred from entring in. Or, which is the ſame Thing we 
may take a very ſmall Glaſs Tube open at both Ends, and 
dip it in the Water, for then the Air cannot enter in by 
the Sides; ſo that the Water muſt riſe very high in ſuc 
| fort of Tubes, if they be very ſlender : And indeed I have 
made the Water riſe a Foot high in a Glaſs Tube fo ſmall, 
that one could ſcace get a Horſe-hair-into it. 
83. Why i: 83. However, we muſt not conclude from hence, 
dees not iſe that it ought to riſe on without End in theſe ſmall Tubes; 
— for it is eaſy to ſee, that the Water muſt ſtop, when the 
Weight of that which is riſen, tends downwards with 
greater Force than the Preſſure of the external Air has to 
ge If theTube be inclined greater Quantity of W. 
84. That 84. e Tube be inclined, a tity 4 
greater ter 5 in, becauſe, being ſome way ſupported by 
du ie the Glaſs, it does not tend downwards with ſo grea 
in an inclined Force. Which is confirmed by Experience, according to 
Tube. 9 — rm l 
g. My tbe 85. Having now explai e Force of the Air as 2 
Water wife Liquid to impel Bodies which are cloſe to ir, we may 
ſomerimes ſay with more Aſſurance and Certainty than we could 
falle, :ban before, what the Situation of a Liquor in an inverted 
in the larger Syphon, whoſe Branches are of an unequal Thickneſs, 
Fear G- as is here repreſented, will be. For Example, if we con- 
phe. ſider only its Weight, we may confidently affirm, that 
„ he 7 
—— 1. The Air which moves) See the Notes on Art. 85, of this Chap. 1 
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if the Water in the larger Branch, reaches up to the 
Height AB, it ought to riſe to the Height C in the little 
Tube, to be upon the Level wich the other: But we may 
add, that if this Branch be fo ſmall, * that the Parts of 
the Air cannot turn in ft but with Difficulty, the Water 
will riſe conſiderably higher than in the larger Branch, 
ſo fg reach to D, according to what was now 
ved. 
79 There are few of thoſe who enquire after @ per- 86. An ima- 
petual Motion, but when they ſee this Experiment, for % b 
want of rightly underſtanding the Cauſe of it, think we 
they have Hurd out ſuch a Motion. And indeed it 
looks at firſt Sight very probable, that if we take one 
of theſe Syphons, in the ſmaller Branch of which the 
Water riſes: very high, and bend this Branch a little lower 
than the Height which the Water riſes to, it might be 
ſo ordered, that the Liquor with which it is filled might 
run out into the larger Branch, in order to riſe up a- 
gain in the ſmaller one, and fo produce a perpetual Mo- 
tion: But it is certain, that 2 they are deceived who 
make this Conjecture; for beſides that, the Branch of the 
Syphon, out of which the Water is to run, ought to be 
longer than the other, (which is not ſo here, where the 
bent Branch is in the Room of a whole Syphon) it is 
eaſy to ſee, that the Water, the Moment it endeavours 
to come out at the End of this ſmall crooked Branch, 
is more expoſed to the Force of the Air, than that which 
is contained in the larger Branch; whence it follows, that 
its by, — muſt be ſtopped. | 
87. This will appear more evident, if we conſider, that 87. Thatiz a 
when the End of the ſmall Tube of a bent Syphon, enge, 
whoſe Height does not exceed that, to which the Wa- , h fal 
ter will commonly riſe, be dipped into the Water, it will % / Vater 
immediately be filled; but if the End of the longer Branch — * 
| — 
onger . 


1. The Parts of the Air) It | Exper. of the Academ. del Cimento, Branch, 
looks very probable, at firſt Sight, p. 55. It is evident therefore, that 
as if the Mk Particles of the Air, | all theſe Phænomena's are to be af- 
either paſſed over the Mouth of | cribed to Attraction. See the Notes 
the little Tube CO; or elſe ſtick- | above on Art. 69. 
ing in it, like little Pieces of Wood 2. They' are deceived) It is ma- 
a-croſs it, ſupported the Column | nitfeſt, trom Calculation upon Me- 
of incumbent Air, fo as it ſhould | chanick Principles, That all Que- 
not preſs upon the Water under | ſtions about @ perpetual Motion end 
it with its uſual Weight: But by | in this. To find our a Weight hea- 
often repeated Experiments, it is vier than it felt, or an elaſtick Force 
found, that the Water will riſe as | ſtronger than it ſelf, Which is 
high in ſmall Tubes, though the | abſur 
grols Air be exhauſted. See The 
| L 3 be 
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be not depreſſed lower than uſual beneath the Level of 
the Water in the Veſſel, it will not run out into the 
Air; as it ordinarily does; whence we ſee, that the Air 
puthes it back with greater Forge than it has to come 
Out. 

88. Keim 388. For a further Confirmation of a Thing which has 
Exreiment been ſufficiently proved, I may add, that fo far is the Wa- 
Lee 7,5 ter from coming calily.out at the End of a ſmall Tube, 
that ſometimes it will be forced to enter and aſcend into 
it, when it was entirely without before: Which may be 
tried, by holding a very clean ſmall Tube at both 

Ends perpendicular, and putting a Drop of Water u 
the external Superficies, which may entirely ſtop the Hole 
at the lower End, when it is got down thither ; for then 
you will with pleaſure fee rhe Tube filled in the fame 
| ZR 

ater. 

89. Va? 89. After what has been ſaid in the foregoing Articles, 

rhe Canſe of it is eaſy to underſtand what is the Cauſe of the Filtra- 
"one © ion of the Chymiſts : For the Piece of Woollen Cloth 
which they put upon the Side of the Veſſel, in ſuch a 
manner, as that one End of it is di into the Liquor, 
and the other End hangs down on the Outſide lower in 
the Air, reſembles a bent Tube, in which the Water runs 
as in a Glaſs-Tube: And it matters not, if this Cloth or 
Woollen Tube be full of Holes on all Sides, for the Air 
which moves round it, preſſes in the Water which en- 
deavours to come out at them, ſo that it is like one con- 

tinued Covering. 
95. That the 90. Since our Thoughts, or, if you will, our Conjectures 
Formeoſhrd concerning hard and liquid Bodies are confirmed by fo 
Butlers many Experiments, I think it ſuperfluous to add any 
ſuch,are not Thing more. Wherefore I ſhall finiſn this Chapter, in on- 
Fam, ly remarking two Things: The Firſt is, That if Hardweſs 

, and Liquidzeſs conſiſt in Reſt and Motion, which have 
their ence upon ſomething elſe ; then theſe 
Forms are not Subſtantial, but only Qualities or Modes 
of Exiſtence in the Bodies to which they belong. 

u, AS nd y. 5 8 ond. the Nature of 

neſs ena Flardneſs and Softneſe, I have at t time explained 

ala is wherein Dryneſs — Moiſtneſs conſiſt. This is evident, 
| if we underſtand the Word Dry and * in the Senſe 
of the Antients, who did not diſtinguiſh them from hard 

and liquid : As we may ſee from hence, that ſpeaking of 

Moiſt, they uſe the ſame Greek Word) as all Interpreters 

fender humid or liguid indifferently. It appears _ 

9 . , . 3 . + q 
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that I have explained what the Nature of Dryneſ and 
Moiſtneſ; is, according to that Senſe which we now uſe 

thoſe Words in; becauſe by Dry, we underſtand that which 

will not wet any Thing; and by Moiſt, that which will 

wet a Thing, which are two Properties which have been 

fully and expreſsly handled above. | 


— — 


C HAP. XXIII. 
Of Heat and Cold. 


HESE Two Words have cach of them two dif- 1. That the 
1 ferent Meanings: For Firſt, by Heat and Cold, we cee, 
underſtand #wo particular Senſations in us, which in ſome , 4% _—_ 
Meaſure reſemble thoſe, which we call Pain and Plea- 4e-n:ings. 
ſure, ſuch as we feel, when we touch Ice, or when 
near a Fire. Secondly, by Heat and Cold, we un- 


we 
derſtand alſo the Power which have to raiſe the 


forementioned Senſation in us. 


2. I think we cannot underſtand what Heat and Cold, 2. In what 
in the former Senſe of the Words, is, but only by Expe- n , 
rience; wherefore our Curiofity will be fatisfied, and Our eg 25 Paas 
Pains imployed only in enquiring what that Power conſiſts J Hear and 
in, which certain Bodies have to warm us, and alſo what * 
that Power conſiſts in, which we obſerve other Bodies have 
to cool us. ä 

Ariſtotlè ſays, that Heat is that which collects to- 3. How Ari- 
gether ho eous Things, or Things of the ſame Na- fe,, 
ture, and diſſipates het neous Things, or Things of a 4 Cold. 
different Nature ; and Cold, he lays, 8 that which collects 

ther, Things homogeneous eterogeneous indif- 

— The common Inſtances made uſe of to prove 

this, are Fire, by the Heat of which, a great many Parts 

of Gold may be collected into one Maſs, or two or more 

Metals which are mixed together, may be ſeparated: 

And Ice, which by its Coldneſs, unites together, Water, 

Stones, Wood, Straw, ſo as to compoſe one Body of all 

theſe together. | £ 

4. Bur it is to be obſerved, that the Inſtance here gi- 4. Thar Hear 
ven, is ſometimes faulty; for if a Maſs, compoſed of Gold, ©" roce- 
Silver, and Copper, be put upon the Fire in a Crucible, A 
it is not true, har theſe Metals will always clear them- Ne, 4s 
ſelves of each other, ſo as ro be ſeparated and placed in 8 ; 

L + their Nate. 
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their proper Order, one upon another, according to 
their different Weight. Oa the contrary, if .. 
diſtin& Pieces of Gold, Silver, and Copper be put toge- 
ther into a Crucible, the Fire will not fail to mix them 


all * 4700 1 
5. That the F. It is true, that if the Fire acts a very long time u 
Hs, on a Maſs, compoſed of Gold, Silver and Copper; t 
ther to digi Silver and Copper will go all away in Smoak, and ſo leave 
pare than ro the Gold alone in the Crucible. But we ought not for 
#.-7%% this Reaſon to ſay, that the Fire has @ Property of col- 
| lecting Things abes becauſe this perhaps is only ac- 
cidental, that is to lay by diſſipating the Firſt, which 
reſiſts its Force leſs, ché Gold remains alone, or laſt, be- 
cauſe it reſiſts its Force more. In the ſame manner, as 
if Saw-Duſt, and the Filings of Lead were mixed 
ther in: a Plate, we can with our Mouths blow away the 
Saw-Duſt, and leave the Lead-Filings alone in the Plate. 
For it is evident, that it is only the Reſiſtance of the 
Pieces of Gold, which is the Cauſe of that Metal's being 
thus ſeparated from the Silver or Copper. For if it be 
left after this upon the Fire, it will continually diminiſh 
by little and little, till it intirely vaniſhes, as Refiners have 
tried; and this is what they mean when they ſay, there is 
no Gold of 24 Carats, that is, none that can be refined 


ſo | | 
6. That Ar- 6. Bur if it was true, that Heat always collected toge- 
Rote has on- ther homogeneous Things, and diſſipated hete us 
+ ſaid what ones, and that Cold collected together all ſort of Bodies 
4", but nos indifferently, this would indeed teach us what Heat. and 


 #hat they are. Cold do, but not at all tell us what they are: But Ari- 


ſtotle has been excuſed in this, by ſaying, that in defining 
Heat and Cold as he has done, he did not ſo much follow 
his own Opinion, as that of others. | 

„ What th: 7. I don't know whether his Interpreters have hit right, 
Opinion of his when they pretend, that his Opinion was ; that Heat, in 
ute, the Fire, for Inſtance, is ſomething in the Fire like that 
Hear aut Senſation which is raiſed in us, w en we approach the 
aui. Fire. And fo likewiſe, that Col in Ice, is ſomething in 
Ice very like that Senſation in us, which ariſes from touch- 
ing ir. 3 Becauſe in his II. Book of the Soul, Chap. xii. 
after he had ſhown that Senſation is a Paſſion, he ſays, 
that the Moment any Senſation is rais d in us, we be- 

come like the Object that raiſes it. N 


2, Be „n his II. Book) This | ſays, 4 e. 
1 is . * in "op 2 2 of Tat RR 

the yth Chap. of the ſame Bock, hege o 9990) 08 : : 

£5 . But 


Dee 5 © wo 
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8. But whether Ariſtotle were of this Opinion or no, 8-7 they 

thus much is — they have no Proof of what rg oO 

they affirm ; for it is no Proof to ſay as they do, that cr inen. 

the Fire cannot give that which it has not; becauſe 

taking the Word give, in the Senſe here uſed, there is no 

doybt but that the Needle, when it pricks us, gives us 

Pain, and yet there is no reaſon to believe from hence, 

that the Needle has in it any Pain like that which it 

cauſes in s. 1s” 5: | | 
9. Further, the Heat of the Fire, and the Cold of 9. Theric # 

Ice being Properties or Qualities belonging, to Bodies g. 9 

which every one acknowledges to be inanimate, they 

cannot be like the Senſations which we feel by their Means, 


becauſe theſe Senſations belong to us as animate Creatures. 


And becauſe the ſame Thing may ſometimes. happen to 
raiſe.1a, ys two different ions at the ſame time, it 
will follow from their Opinion, that the ſame Thing may 
be hot and, cold at the time, which is impoſſible; 
yet the Air which we breathe out of our Mouths, may 
at the fame time feel hot or cold according as it is dif- 
ferently applied to our Hands in blowing upon them 


10, By reflecting upon this Experiment, which ſhows 10. in whed = 


us, that the ſame Air feels hot or cold, not only from its % Hear of 
ing applied in a different manner to our Hands, but 2 
alſo from the different manner of making it come out 
of our Mouths ; it is eaſy to conjecture, that the Heat of 
a Body conſiſts in a peculiar Motion of its Particles. And 
becauſe the nearer we. — our Lips together, and make 
the Air come out quicker and ſtronger, the leſs we feel 
the Heat, hence we conclude, that the Heat of a Body 
does not conſiſt in the direct Motion of its Parts. Now 
whatever is in Motion, either moves on directly, or elſe 
has an unequal and different Motion, as it were about 
its own Center; from whence we may infer, that the 
Air which comes out of our Mouth, beſides that direct 
Motion, by which the Whole of it is removed from one 
Place to another, it has alſo a many of its Particles 
moved round with a circular Motion about their own 
Centers: By which means thoſe which are applied to our 
Hands, with this ſort of Motion, excite in us a kind of 
Tickling. And becaule it is this kind of Motion which 
raiſes. in us the Senſation of Heat, we ought alſo to con- 
clude, that the Heat of Badges conſiſts in this Sort of Motion 
of their ſmall Parts. 


11. 80 
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11. Ne Re- © 11. So that what is in the Object is diferent 

JD. the Senſation which it raiſes. And rv not wh 

raixe Hoa: thought more ſtrange, than the Difference there is be. 

and Pain. twixt the 1 and Motion of a Needle, which pricks 

us, and the Pain which it cauſes. For as it is evident 

— ens yo er that the Soul being united to 

„it is the A tment of Nature, that certain 

Percent ions of the ſhould follow' from certain' Mo- 

tions or Diviſions which the Needle cauſes in rhe Body: 

Zo alſo we ought to think; that Nature has appointed 

. that from that particular Manner in which our Body is 

moved by the Fire, there ſhould ariſe a particular Percey- 

tion, and this is what we call Heat, taking it in the former 


Senſe of the Word. 
. "FN; This is 2 Experience, vwhich- co_ 
e e , us, that many Bod gre made capable of warmi 


which it 5 bo which we cannot filpe& Thing has ha bs 
— only Motion. It is to no 3 — to inſtance in them 


thing has all 
bee — ſhall content my _ wich | the following” Ex- 
— e 
very cola, we or de 1 x rubbed 
| \ lick while | A rher, : A, "conſiderable 
14. Te II. 1 Secondly - Awe ebe whayed reds rally 0 
Exarple. Wars upon it, it was before cold, will ac- 


uire a Motion of its Parts, that they will be all 
iſunited in a ſhort time, and by that Means will be- 
come capable of heating us in ſuch a manner, rhat it wil 

be very painful to hold it in one's Hand. 
15. The III. 15: Rotten Dung, that is, fueh asg diffipates it {elf by 
Exarpc. little and little, becomes ſo hot, as'to ſerve inſtead of a 
moderate Fire in many Chymical ns — And Chy- 
miſtry furnifhes us with many other not ſo com- 
e World chan 


16. The IV. wer For Inftance, if 2 few Fihngs of Braſs be tion 
Example. into a large Veſſel in which is a little Agzua- fortis, it will 
immediately raiſe fach a Fermentation, that the Bottle 
will ſeem quite full, and at che fate time will be ſo hot, 

that we cannot touch it without ; burnt. | 
17. e V. 17. Further, If, as was before faid, Oi! of Vitriol and 
Example. Oil of Tartar be mixed together, though eparately nei- 
ther of them are combuſtible, they immediately ac- 


gu an incredible Fermentation on à ſudden, and at the 
18.It 


e time a very ſenſible degree of Heat. 


aq 


* 
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18. It is true, that in theſe Sort of Examples, it may 18. The VI. 

with ſome Reaſon be ſaid, there is ſomething that we do Expt. 

not A7 ac underſtand, - wherefore I hall ſtay a little, 

before I ſay what the Cauſe of theſe ſurprizing Motions 

may be: To. come therefore to ſome more familiar In- 

ſtances, we obſerve, tha? two hard Bodies rubbed againſt 

one another, do ſo agitate the Parts of each other, as not only 

to burn us when we touch them, but their Motion 

will increaſe to ſuch a ee, as to ſet each other on 

Fire. Thus in very dry Weather, the Veel and the 

Axle-Tree of a Chariot, when it goes very quick, and in 

general, all Sorts of Engines which are mile of Mater 


So iſe, it we file or ſharp a Piece of Iron 
Steel it will grow ſo hot ſometimes as to loſe its Tem- 
And a Saw, which the Wood will not eaſily yield 
uires a very notable Heat. But ing ſooner 
| takes Fire than a {ſmall Piece of Flint or of Steel, which 
are | is truck off, and put into a violent Motion by ſtriking 
bbed ag co Now in all . theſe In- 
(ble ſtances, chere # nothing ed to theſe Bodies but Mo- 
| uon 


cola 19. All the Antients who have conſidered the greateſt 19. 4 Fe- 
ac- Part of theſe Experiments, have aſſerted that Motion is c of 
al | Principle of Hear; which I acknowledge with them ;1; te 
be- to be true; if by Motion they mean the Motion of the foncerning 
vil WW whole Bodies, which is the Cauſe of the two Bodies rub- \*** 
bing againſt each other; but if by Motion they mean the 
by = Motion of their inſemſible Parts, I think they have not faid 
fa enough: For the Motion of theſe Parts, is the very Heat it 
2 1 . 
m- 20. I ſee no Objecti t can be m is: _20-Why 4 
ect, in order to ſhow, that Motion is r, 

or Cauſe, of Heat, that a Ball out of vey quick, 
moves very quick, does not burn the © wt grow 
enters into; or that a Musket Bullet does 
not burn the Wood which it penetrates, though it be very 
ot, dry; this contradicts the Opinion of thoſe only who pre- 

tend that Heat conſiſts in the Swiftnes of the Motion of 
ad all forts of Bodies how groſs foever. But this Objection 
i- makes nothing againſt us, who affirm, that Heat conſiſts 
in the different and violent Agitation of the inſenſible 


2. The Principle or Canſe of Heat) Is not the Heat it ſelf, 
It | Parts 


— 
> 
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©, Parts of Bodies. But when a great Bullet moves very 
quick, its Parts may be at reſt with reſpect to each other, 
and therefore it is no wonder that they don't burn the 
Bodies which they tou eg. 2 

21. Why the 21. If we reflect upon what has been ſaid, we ſhall 
Neveofa not at all wonder, that the Bands of Iron which are about 
bor, anfuet a Wheel do not grow hot as it does in the Middle; for 
the Fellows, though they deſcribe larger Spaces by their Motion, yet 
notwithſtanding this, their Parts are not agitated with re. 
ſpect to each other, as thoſe in the Middle are, which con- 

tinually rub againſt the Axle-Tree 
e We may very ealily anſwer a great many Queſtions 
whos Had. Which may be put to us by thoſe who will not allow, that 
gro- bor, lat the Form of a hot Body conſiſts only in the Motion of its 
vor the File. ſmalleſt Parts: Thus when they-ask, how it is poſſible, 
that When a Piece of Iron fixed in a Vice, is filed, the Iron 
grows conſiderably hot, but the File which moves upon it 
is ſcarce warm at all: It is eaſy to anſwer, that the Parts 
of the File moving upon the Iron, and continually grating 
it, not only with its own Parts, but alſo with ſome of 
the Parts of the Iron which it has rubbed off, and which 
remain ſometime between itt Teeth, muſt neceſſarily ex- 
cite a very great Agitation 5f the Parts of the Iron 
which is filed, and conſequently heat it very ſenſibly. But 
this is not the Caſe of the File; for though its Parts are 
— as much as thoſe of the Iton, yet becauſe it is 
onger, the ſame Teeth do not twice together touch the 
y which it grates, but there is always ſome. ſmall 
diſtance of Time, between the two Rubs of the Parts 
of the File, during which Time, that Place which may 
have begun to acquire ſome ſmall Heat, may laſe it 


23. Ny Tron In There are ſo many Things to be conſidered in this 
when ic i: Experiment, that a ſmall Difference alters all the Circum- 
PRE groms ſtances. Whence it is, that a Piece of Copper or Lead, 
ether Metals. When it is filed, ought not to grow ſo hot as Iron, both 
| becauſe Copper and Lead' are not fo ſtiff, and becauſe it 

is eaſier to ſeparate their Parts than the Parts of Iron, 

ſo that the File being never applied twice together to 

the ſame Part of the y which. it grates, it cannot 

ſhake its Particles ſo much: And this is ſo true, that if 

we try to file a Piece of Copper, with an old worn File, 

which will ſhave off but a little at a time, the Heat will 


bo as great as that produced in the Iron. 5 
24. Now 


. at 4 os doom io. af wh » nbc? fri. om. oh LS "00 ©. +e& +» 
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24, Now if any one asks, why, in ſawing a Plank of 24.77% 
Wood, the Saw grows hot and not the Wood : I anſwer, };, ner 
that the Plate of the Saw, ſticking in the Slit of the che ed. 
Wood, and being rubbed againſt each Side, the Parts of 
ic muſt be ſenlibly ſhaken: Whereas it is evident, that 
the Plank ought not to grow hot in the Place againſt which 
the Teeth of the Saw go, for the Reaſon juſt now given, 
viz. becauſe it cuts the Parts off; neither ought it to 
w hot on the Sides, eſpecially if the Wood be eaſy to 
w. becauſe the Saw advances further and further into the 
Slit, and fo does ſcarce twice together touch the ſame Part 
of the Wood. | N 
25. It is true, that if the Wood be very hard, and dif- 27. How the 
ficult to faw,:and if the Saw, ſticks in the Slit which it as 
makes, the Plank will then become Prey. hot; but we grow hor. 
ſhall not be able to perceive it by our Touch, becauſe 
the Parts of the Wood being large, loſe their Motion in 
a Moment, and it will take ſome time to pull out the 
Saw, and to oo the Slit ſo wide as to put our Hand in 
to feel. But though we cannot perceive it by our Touch, 
we may ſee it with our Eyes; for the Places - againſt 
which the Saw for ſome time grated look burnt, as if 
they had in the Fire. And it happened ſome 
time ago, that deſignedly ſawing a Piece of hard Wood, 
fixed in a Vice, in a Smith's Shop, with a Saw which 
ſtuck in the Slit it made, I at perceived a Smell 
like burnt Wood, and continuing to ſaw the Wood with 
greater Force, ſeveral Sparks came out of irt. 
26. The Experiment which ſeems to be the moſt con- 26: 77%» « 
trary to the Principle we have laid down, is, that if we 5, „ g 
drive with a Hammer a large Nail into a piece of hard / wich 


Wood, we ſhall not find it grow warm while it is dri- © #-mmer 
ving in, but after it is in, and the Hammer does nothing unn. 
elſe but beat the Head flat, then it will begin to acquire 
ſome Heat: Let is there nothing in this, but what per- 
fectly agrees with our Notion of Heat. For as we make 
it to conſiſt wholly in the 1 of the ſmall Parts 
of the Body; it is certain, that the Nail ought not to 
grow hot, while it is moved all together in entring into 
the Piece of Wood; but that it ought then to begin to 
grow hot, when it ceaſes to move ſo, and its Head begins 
to be made flat; for it is then only that the ſmall Parts 
begin to be in Motion, and acquire an Agitatioa ſuffici- 
ent to Heat. And indeed, when the Head of a Nail is 
made flat, all that is done, is, that there are by that Means 
fewer Parts placed one upon another, and more bg each 
ers 
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coCther's Sides, which cannot be, but by the Motion 

and Agitation of theſe Parts, which by their beating 

a gainſf each other, cauſe that trembling in which Heat 
conſiſts ee. 6 ” 1p f ' | 


27. That 25. Having thus endeavoured to anſwer the Objections 

— that might be made againſt us; we come now to dra 
2 F uences wok —. we e 

iſe i e agree with Experience, ill help to 

confirm us in this, that we are not far from the Truth. In 

the firſt Place then, let us conſider, that ſeeing Heat con- 

fiſts in a certain Motion, or a certain Agitation of the 

.. _ ſmall Parts of a Body, it is certain, that the more the 

Parts of the Body are thus moved or agitated, the greater 

will the Heat be. Now it is evident, that * Flame is 

more agitated than any other which comes under 

gur Senſes. For, for Example, it is this violent 7 

of the Parts of the Wood which nouriſh the Flame, 

that makes the greateſt Part of them fly away, and that of 

all theWood' that can be burnt in a Day, fo very little re- 


99 


mains in Afhes ; which we do not firid in the foremen- 


tioned Inſtances, where there is only a moderate trem- 
bling of the Parts of the Bodies which is not ſufficient 
He ought be he dee Thing in he Walt os © 
ame to be otteſt Thing in orld, as e- 

very Body knows it is Ds * 
28. How a 28. However, this muſt be underſtood with ſome Re- 
Body that is ſtriction, that is, if they agree in all other Particulars; 
Aland, for it is not incpnſiſtent herewith, that there ſhould be 
lame may e hotter, and more capable of heating than 
het be hotter. Fla if they conſiſt of more ſolid Particles, and 
. conſequently ſuch as are more capable of Agitation; 
wherefore tho? it be not red hot, will burn more, 
3 than the Flame of Straw, or Spirit of Wine 
29. v, 29. The Difference that there is betwixt the Groſlneſs 
#a-Ceal will of the Particles into which the Bodies that are burnt are 
than any o- Teſolved, is the Cauſe of fo much Difference in the Flames. 
ther. Thus, Oak being more ſolid than Straw, but not fo ſo- 
lid as Sea-Coal; their Flames are alſo proportionably more 
or leſs burning or ſtrong one than another: And the Uſe 
that Smiths make of them, according as they have oc- 
caſion, ſhows plainly, that Sea-Coal, acts more ſtrong- 
ly than all other, becauſe when they would heat a 


1. Flame is more agitated) Con- \ Fire, See Part the 111d. and the 
cexmng the Nature of Flame and | whole ix Chap. with the Notes. 
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piece of Iron very much, they prefer this Coal to all 


30. When a Body melts, and liquifies, as I may call 
i, by little and little into Flame, it is impodliþle but that 
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30. How 
Heat deals 
with Bodies, 


the articles which {lip and rub one againſt another, muſt and dimi- 
be diminiſhed and broken into a thouſand Pieces, and ſo _ — 2 


make a very fine Duſt, which, that it may continue to 
move with that violent Agitation which it has acquired, 

off from that Maſs of which it was before a Part, 
and flies into the Air; which is what we call ,exha- 
ling or evaporating: And hence it is, that the Fire 
bas the Property of diminiſhing all Bodies which it acts 
upo 


fol 

— that produce at the fame time two 
ingly: contrary Effects: Such as hardning. of Clay, 

and oftming of Wax. In order to this, we need only ob- 


n. | 8 

1. This being allowed, there is no Difficulty in re- 31. 7 

1 5 Gon commory kad, vis. How a pf 
: | 


tens V Vaxe 


ſerve, that Clay is compoſed of two Things that are ve- 


ry different. from each other, viz. Earth and Water; the 
Latter of which may very eaſily be evaporated, before 
the Particles of the Former are conſiderably ſhaken ; and 
fince the Clay is ſoft for no other Reaſon, but becauſe the 
Particles of the Water are in ſome ſort of Agitation, a- 
mongſt the Particles of the Earth, to which they be- 
long; it muſt needs be, that when the Water is all eva- 
porated; and the Particles of the Earth remain alone, 


they will reſt againſt each other, by their own Weight, 


and ſo by that means compoſe a hard Body. On the con- 
trary, the Parts: of Wax are pretty near equal; ſo that 
the groſſer Particles are agi before any conſiderable 
Quantity of the ſmaller; ones can fly away. And therefore 
all rhe Particles of at Piece of Wax being a little in 
- as the ſame time, compoſe together a ſoft 


3a. It may be obſerved alſo, that the Heat muſt be 32+ Ther che 


but moderate, fo harden Bodies: For if it be very vio- 
lent, it will make them Aud. And thus we fee, that 
Flame melts not only Metals, but alſo Aſhes, Sand, Stones, 
and _—_— of a Compolition of which all Sorts of Glaſs 
are made. | | 


33. From the different Deg of Heat, and the Va- 33. HowHear 


rious Texture of the Parts of which a Body is compo- 
ſed, we may conclude, that very different Effects will be 
produced: For firſt; If a Body, whoſe Particles are very 


4 


cloſe to one another, be conſiderably hot, whatever the 
Figure 


Heat nceds 


not be v 
Coat, * 


den Bodies. 


rar;fies ſome 
Bodies / 


— 2 ——— — — — 
—— 
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Figure of theſe Particles be, ſo they be not exactly round, 
when they are agitated or turned round their Centers, their 
angular Points, or the Parts which are moſt diſtant from 
the Center, muſt neceſſarily meet one another, and turn 
one another out of the Way; whence it follows, that 
the Heat will cauſe a RarefiGion in this Body, as we ſee 
in Milk, and all other Lipuors; and alſo in moſt hard 
Bodies, in which few or none of their Particles fly of 
when they are hot: Thus red-hot Iron is ſomething big. 

SY, 1 4 F 5 
34: How But if the Particles of 4 very ſmootÞ, and 
| IO ” ea 2 be put in Motion, 2. 2 ſo p with re ſpect 
| to each other, as ſcarce to touch one another, ſo that th: 

Compoſition is very rare; a very little Heat coming upon 
it, and ſhaking the Particles, may cauſe them to approach 
nearer. one another, and the whole Body may be by this 
means. condenſed. And thus we experience, that Heat 
when it melts Snow, reduces it into a leſs compals. 
5-YVby 35. And becauſe the Particles of almoſt all liquid Bo- 
| | dies muſt every Moment bend themſelves, or ſome way 
| freezing,is alter their Figure, in order whereunto, they muſt be mo- 
= rarer tha ved with ſufficient Force; therefore if the Heat, or that 
1 en it is 08 1. 
it ſe cold. which forces them to move, or ſo agitates them as to 
make them Liquid as uſual, does almoſt wholly ceaſe, 
all that the Particles can do, with that little which they have 
remaining, will be to move themſelves without bending 
ſo much, as to join as near as they can together: And 
then the Liquor will be rarified a little, and after it is fo 
rarified, the Addition of the leaſt degree of Heat, will 
cauſe its Parts to approach nearer one another again. Thus 
| Water is a little rarified before it freezes, and 1s conden- 

ll ſed again by the leaſt Heat that can be. But becauſe i © 

il | ſome Skill and Pains is requiſite to prove this — Experi- 1 

0 ence; I will ſet down the Means I made uſe of to make 

1 | it appeay ſenſibly. 8 

| 

| 
| 
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36. An Ex- 36. I cauſed a Glaſs Veſſel · to be made like that in the i 
freche Figure, the largeſt Mouth of which is at A, and the other 
Naehe, at B, che End of the ſmall Tube BC, which is very ſlen- 
it is extreme- der: I poured Water into the Hole A, till the Veſſel . 
Zl. Was full, and conſequentiy 'rill it aroſe up to D, in the = 

Tab. Il. ſmall Tube, then I ſtopped up the Mouth A cloſe with (;;. 

Fig. ro ſoft Wax, and a Hog'-Bladder tied on: Having thus ver 
| prepared it, if the Heat of the Air be fo . 5 
ky . pale tha Nl © 
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that the Water be very near freezing, * it will ſwell, 
and riſe up to the Mouth B, where it will ſometimes run 
over a little: Then, if we put eur Hands or any other 
Thing that is warm, to the Veſſel, we ſhall fee the Wa- 
ter condenſe it ſelf, and fink in the ſmall Tube almoſt 
down to the Bottom C. Ir is true indeed, that if we 
continue to heat the Veſſel, the Water contained in it, 
will begin to dilate itſelf again, the Reaſon of which, is 
that which I have now given. | 

37. Becauſe we can move our ſelves with greater Eaſe 37. Thar the 
in the Air than in the Water, this is a Proof that the za» of 
Parts of the Air are much finer than thoſe of Water. — 
3 the _ _ that can be, = dilate the 2 — 2 
Air; and conſequently, The Quantity of the Rarefact ion _- of 558 
the "Air, will — 'y exeft] = the "San ty of ; © ”_— 
on the Earth; that is to ſay, we can judge that it is hotter, 
one Day of the Year than another, by obſerving in which 
of theſe two Days, the Rarefaction of the Air is greateſt. 

38. Now in order to make this Rarefaction ſenſible, . 38.4 De- 
there has been invented in our Days an Inſtrument called — nh, thy 
a Thermometer, pretty like that in the Figure: DE is a lab. Iv. 
very ſmall Tube of Glaſs about two Foot long, like a Fs: 1 
Neck belonging to the Bottle A, which is Glaſs alſo, 
and about as big as a Tennis-Ball. The lower End is bent 
and made large, ſo as to form another Bottle marked F, 
which needs not be ſo big as the Bottle A, and has a ſmall 
Hole made in it at B. 

39. The Thermometer is at firſt entirely empty, that is, 
full of Air only, part of which is forced our, by heating pes 
the Bottle A, at the fame Time that the other Bottle F is te Uſe of the 
2 into a Veſſel of Aqua- fortis, tinctured of a Green Vmmeter. 
Colour, by diſſolving a Piece of Copper in it. We 
chooſe Aqua fortis rather than common Water, becauſe 
it is not ſo ſubject to freeze, and does not ſo eaſily eva- 
porate. As the Air remaining in the Thermometer grows 
cool, it has not Force enough to preſerve that Bulk which 
it had before, and ſo is obliged to retire up into the Glaſs, 
and leave Room for the Aqua-fortis, which by its own 


* It will ſwell) Becauſe irs Parts 
are made ſtiff, by the Mixture of 
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39. The 


Tab. III. 
Fig. 10. 


the Motion of their Parts contracts 
and condenſes Glaſs and other Bodies. 


Nitrons Particles, and of other Salts. 
(See the Notes on Art. 54.) Howe- 
ver it muſt be acknowledged, that 
ſomethigg ought to be allowed tor the 
Contraction of the Glaſs. For as 
Heat, by encreaſing the Motion of 
the Parts, dilates and extends Glaſs 
and other Bodies, ſo cold by ſtopping 


See the Experiments of the Acad. del 
Cimento, p. 109, Cc. The Water 
therefore a little before it treezes, ri- 
ſes in the Tube CB, partly becauſe it 
is a little rarified, and partly 

the Glaſs AC is a line condeuſed by 
the Cold, 
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Weight, aſſiſted by that of the external Air, gets into the 
Bottle F, and from thence riſes up in the Tube towards 

Tab. IV. C. After this, the Inſtrument is taken out of the Veſſel 

rig. .in which it was dipped, and without doing any Thing more 

than fixing it in a Wooden Frame, marked with ſeveri 
Diviſions, it ſhows how much hotter it is at one time than 
another. 

o. The Rea» 40. For the more the Green Liquor is forced to de. 
— *his ſcend by the Rarefaction of the Air in the upper Part of 

: the Tube, the hotter it is in the Place where the Ther. 
mometer is fixed: And on the contrary, it is a Sign of 
ter Cold, when this Liquor riſes higher, becaule thi 
os that the ſame Air has not Force ſufficient to pre. 
ſerve its Bulk, but is obliged to give way to the Aqua-for- 
tic, which the Weight of the external Air that preſſe; 
upon the Hole B, continually forces to riſe up as high 2 

it can in the Tube DF. | 
41. That ths 41. However, we muſt take care not to be deceived 
—— = Judgement we make of the Heat, by barely look- 
Ah Af. ing on the Thermometer; becauſe the Weight of the Air 
2/þ all the being not always equal, it may be, that the Air will 2 
25 Hl. of more upon the Liquor contained in the Bottle F, at ſome 

e Heat. : 
Times than at others, and conſequently force it to riſe 
higher in the Tube FD, and may occaſion us to think 
that it is colder than it was before : when perhaps th: 
Heat of the Air was neither greater nor leſs. 

42. 1 De- 42. This occaſioned the making another Sort of Ther. 
ſeription of mometer not long ſince, which has but one Bottle of Glab 
another 7927 only, and has a long ſlender Neck as is here repreſented 

Tab. Iv. At the Hole A is put in as much Spirits of Wine ] 

Fig. 2 will fill the Bottle quite full, and the Neck alſo as high 2 

the Place marked B, and then putting the End A into the 
Flame of a common Lamp ſuch as Workmen uſe, ſtop up 

the Mouth there, and then the Thermometer is finiſhed. 
43-YVViy 43. When the Heat of the Air increaſes, the Spirits of 
3 Wine dilate and riſe above B, and ſo force the Air in 
Air in this the Part of the Neck BA to condenſe. Which it 
Thermometer. may eaſily do, becauſe when it was incloſed here, it 
Fig. * was very much dilated by the Flame which melted the 
Glaſs, in order to ſtop the Hole A. On the contrary, 
when the Weather grows cold, the Spirits of Wine 
contract into a leſs compaſs, and deſcend below the 
Place marked B, and permit the Air to extend it ſelf be- 
yond its Limits. By this Thermometer therefore we judge 
whether it be more or leſs hot, by the riſing and 
falling of the Spirirs of Wine; and we 2 
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the Inequality of the Weight of the Air, becauſe it 
cannot get in, to make any Alteration in our Obſerva- 


tions. 

Though the Fault in the foregoing Thermometer is 44. 4 De- 
. in this, yet has this another of as ill —— —cadbnodi 
quence, viz. that becauſe the Spirits of Wine dilate 
and condenſe but very flowly, we cannot ſoon enough per- 
ceive the Alteration that is made in the Heat or Coldnels of 
the Air. And there is another Fault till, (if it be not 
made larger than they uſually are) which is; that the Spi- 
rits of Wine, being not capable of a very great Rarefaction, 
its Riſing and Falling in the Neck of the Bottle will not be 
of ſo great Length, as to diſtinguiſh the ſmall Changes 
that happen in the Heat of the Air. But one Remedy 
of this, is, as I ſaid, 1 to make the Thermometer very large. 

I have one in which the Difference betwixt the greateſk 

1 leaſt Height of the Spirits of Wine is above three 

45. After what has been ſaid concerning Heat, there 47. 77% 
remains nothing more to be explained, but that which — 1 
we experience in Lime, when either Water is poured upon 1 Vater — 
it, or it is put into Water : And this may ſerve to explain ed pen it. 
why other hard Bodies grow hot as ſoon as certain Li- 

quors enter into their Pores. In order to our Satisfacti- 

on in this Matter, we need only conſider, that the Stone 

of which Lime is made, has ſo very ſmall Pores that the 

Water can ſcarce enter into them; bur after it is put 

into the Kiln, the Fire which penetrates it, carries away 

ſome of the internal Particles, and by that Means enlar- 

ges the Pores ſo much, that afterwards the Particles of 

the Water can eaſily enter, being, any ſurrounded by 

the 2 Matter of the firſt Element: Wherefore being freed 

from the Matter of the Second Element, when they en- 

ter into the Pores, they can eaſily acquire all the Force 

of __ irſt Element in which = ie; _ = 

ving them v uick, and being alſo pretty , 

have Force ſu — to diſunite 1 Parts of the Lime, 

and to carry the ſmall Duſt of it along with them: And 

it is principally in the Agitation of this Duſt that the Heat 

of the Lime conſiſts. 


1. Tb make the Thermometer) This q and quicker, and the Difference of 
Inconvenience may be remedied by | the Degrees of Heat may be more ea- 
bending che Neck of the Thermome- | fily obſerved. 
ter into a Spiral; for by that means 2. Matter of the Firſt Element) See 
the Spirits of Wine will riſe eafier I the Notes below on Art. 48. 


M 2 46. There 


AF 
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46. How 2 46. There is no need of wetting Hay in order to have 
2 — 4 it grow hot of it ſelf, it is ſufficient, 4 it be heaped up 
_— whilſt it is green; for every Spire of Graſs contains in 
it ſelf enough of the Moiſture which it ſucks out of 

the Earth; the Particles of which go and come out of 

one Spire into another, and ſwim at firſt in the Mat- 

ter of the Firſt and Second Element, where conſequent. 

ly they have only the Velocity of the Second Element. 

ut afterwards when the Graſs grows dry, their Fibres 

ſhrink, and their Pores grow ſo ſmall, that the earthy 

Juice which runs out of one into another, ſwims in the 

Matter of the Firſt Element only, whoſe Velocity it 

then obeys, and ſo has a Force ſufficient to move 

the groſſer Parts of the Hay, and to heat them by that 


Means. 
47-YVVhyHay 47. J faid expreſsly, that the Hay muſt be heaped; 


> — that the Particles of the earthy Juice which come out 
nor hear, of one Spire of Graſs may enter into another with all 


their Motion ; becauſe if the Hay be ſcattered in the 
Meadow, the Juice which comes out of the Spires of 
Graſs, is diſſipated in the Air, and does not enter again into 
others, to cauſe that Agitation which is neceſſary to pro- 


duce Heat. 
48. Hw 48. As to the Heat which ariſes from the Mixture of 


Liquor, two different Liquors, we need oy I that their 


—— * — Particles are of ſuch a Figure, that they can more cloſely 


— tage- unite when they are mixed together, than when they are 


1. That their Particles) Since there ö rine with diftilled Vinegar or Spi- 
is no ſuch thing as this Fir/? Element, | rit Vitriel; alſo Sal. Armoniac and 
by all theſe Experiments, it appears, | Correſive Snblimate reduced to 2 
that in Fermentations, the Particles | Powder ſeparately, and then mixed 
of Bodies, which almoſt reſt, are put * if diſtilled Vinegar be pour- 
into new Motions by a very potent ypon them, they will be very 
Principle (namely Attraction) which | cold during the Fermentation. (See 
ads upon them only when they ap- | the Philoſoph. Tranſactions No. 274.) 

oach one another ; and canſes them | Alſo Sal Armoniac mixed with a 
to meet and claſh with great Vio | double Quantity of Oil of Vitriol 
lence, and to grow hot with the Moti- | will bubble up and ſwell very much, 
on. Newt. Opt. pag. 355. Bur | and yet the Liquor at the fame time 
becauſe Heat does not conſiſt in eve- | feel very cold. See the Exper. of 

Motion, but in a peculiar Mo- | the Acad. del Cimento, p. 153. Nay 
tion (and of certain Particles per- | further, from the Motion of ſome 
haps) of the ſmall Particles of all Bo- | Salts which are naturally in all Wa- 
dies; if the Fermentation or E- | ter, it is, that Water it ſelf inclo- 
bullition ariſes from the Mixture of | ſed in a Glaſs, and put into a larger 
ſuch Sort of Salts as produce Cold. |- Veſlel full of Water, if red-hot 
(See the Notes on Art. 54 below, | Coals be thrown into the Water in 
the Fermentation may not only be | this larger Veſſel, will firſt grow 
attended with no Heat, but with a cold (as appears by , plying 2 
ſenſible Cold. Thus Salt-petre mix- | Thermometer to it) re it re- 
ed with Spirit of Vitrio or other | ceives the Heat communicated by 
acid Spirits; alſo volatile Salt of U- the Water which ſurrounds it. 


ſeparate, 
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_ e and hen they are ſo mixed, they ſwim in the 
atter of the firſt Element only, at leaſt, during that 
little Time we ſee them ferment : Which is confirmed 
fiom — that — the F 3 ceaſes, we find 
many Particles united together, that compoſe 
a — many ſmall . Bodies. TY _ 
9. Having thus explained the Form of a ho? Body, it 49. How ts 
will be eaſy to determine that of a cola Body, which is — = 
the direct contrary : For if we conſider, that Cold extin- cg. 


ed; ¶ at Reſt with reſpect to each other. Secondly, to ſuch 
out whoſe Particles may be in ſome Agitation, but leſs than 
1 all WI thoſe of the hot Body to which they are applied; and 
the WF Laſtly, Such whoſe Particles may be ſufficiently agita- 
of WW ted with a Motion proper to excite in us the Senſati- 
into on of Heat, but is attended with a different Determina- 
pro- tion which gy and ſtops the Motion which the 
Parts of our Body are in, and therefore cool it. The 
e of W whole Difficulty therefore is, whether Cold conſiſts in 
heir one of theſe Modes only, or in each of the Three. 
ſely 5o. Now ſince there are Three Sorts of cold Bodies, 50. 7847 
Are we may affirm, that Cold conſiſts in each of theſe three _ ave 
Modes. For, Firſt, The Cold which is common to all 4% Br, 
9 i hard Bodies, cannot conſiſt in any Thing but what is 
common to them all, viz. in the Reſt of their Particles: 
nixed Further, the Co/d which we feel in Summer-time, when 
er) we go into the Water, eſpecially when we are up to 
(Se the Middle, ariſes from hence, that the Particles of the 
:74-) Water having leſs Motion, than our Bodies have in all 
ine thoſe Parts which are near the Heart, they receive ſome 
nuch. Motion from us, and at the fame time we loſe it. And 
u. of | © this we have a very convincing Proof, becauſe the 
Nay MW fame Water feels many times warm when we = our 
ſome Hands into it, becauſe they are not ſo hot as our Breaſt. 
one Laftly, It is evident, that the Breath which comes out 
arger W of our Mouths, when we contract our Lips, or the 
bot Air which we put into Motion with a Fan, in the 
row MW Heat of Summer, ought to cool us; if we conlider that 
ng 2 the direct Motion of them diminiſhes or alters a little 
| by che Determination and Agitation of that Motion which 
is in the Part of the Body where we feel it cool. 
Ade, 


iſhes, or rather diminiſhes Heat, there will be no 
ubt, but that thoſe are co/d Bodies, which cauſe that 
articular Motion in which Heat conſiſts to ceaſe : 
ow we know that this Property belongs to three 
Sorts of Bodies : Firſt, to ſuch as have their Particles 
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51. T 51. For a Confirmation of this, we may obſerve, that 
cold Beh, cold Bodies cannot make any Alteration in the Motion of 
when i: %* hot Bodies, without as much altering that Mode in which 
warns it ſelf. their own Coldneſs conſiſts; that is, a cold Body cannot cool 

another, without growing warm it ſelf, and ſo we find by 
Experience. 

52.YYVhy $52. We may obſerve further, that the more Particles 

ſome Bodies à cold Body has at Reſt, the more thoſe of a hot Body 

are colds | to Which they are applied, ought to loſe of their Moti- 

on, in order to communicate of their Heat to the other. 

Thus Marble having more Particles at reſt then Wood 

which has more Pores, and is full of a Liquid Matter 


which is in continual Motion, ought to feel colder than 


Wood. 
u $3, This alſo may ſerve to explain to us, why the Air 
3 which is near Marble, or other Bodies, which have ver 
N — in ſmall Pores, ought not to be _ ſo warm, or ought to 2 
other Places. a little cooler, than that which is in Places where ſuch Bodies 
are not, For the groſſer Parts of the Firſt and Second E- 
lement, which cannot enter into the ſmall Pores of theſe 
Bodies, muſt neceſſarily be reflected back from them, 
and for the moſt part there is only the moſt ſubtil Mat- 
ter about them, which is ready to enter in to them, or 
which cannot but come out of them, and conſequent! 
this is not able to agitate the groſs Particles of the 


Air, which are proper to raiſe in us the Senſation of 


Heat. 

54. Why 54. When I fay that Bodies which have more Parti- 
Snow feels cles at reſt, ought to feel. colder than others which have 
A fewer, I ſuppoſe that the Particles of each of theſe Bo- 

dies are equally ſuſceptible of Motion; for if we ſup- 
poſe that articles of a Body are very eaſily to be 
put in Motion, and to loſe their Reſt, this Body, though 
very porous, ought much rather to receive within it felf 
the Agitation of a hot Body, and by that means cool it, 
than another Body which has fewer Pores and more Parts 
at reſt, but ſuch as are not ſo eaſie to be moved. And 
hence it is, that when we touch Sow, which is very 
rare, it cools us much more than when we touch Mar- 
ble, whoſe Particles are much leſs capable of being put 
into Motion. * 


55, The 


1. It is much more probable } duces real Effects, ſuch as Free- 
that Cold (which is not merely J zing, Breaking in Pieces, Rarefa- 
comparative, as that of ſimply Hard ction, Cc.) is owing to ſome Par- 
or Liquid Bodies is; pro- | ticles of Niere other Salts 
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55. The Nature of Heat and Cold being ſuch as I 55. How lob 
have now deſcribed, if you call to mind what was Het and Gold 
before ſaid concerning the Form of moiſt or liquid Bo- ©* ©" 
dies; it will be eaſy to underſtand how Heat and Cold. 
which are direct contrary Qualities, may yet, though b 
uite different and oppoſite Ways, produce one and 7 
ame Effect, viz. Drying or Hardning : As we experience in 
this, that the fame Things, as Clay), for Inſtance, are made 
as dry by the Cold in the Winter, as they are by the great- 
eſt Heat in the Summer: In order to underſtand the Rea- 
ſon hereof, we need only conſider, that the Parts of moiſt 
or liquid Bodies, ſuch as Water, loſe all their Motion when 
it is very cold; wherefore ſince ſuch Bodies by this 
Means acquire the Form of hard or dry Bodies, it is not 
at all ſurprizing, that Clay which is compoſed of Water 
and Earth, ſhouid grow hard and dry, when the Wea- 
ther is very cold, ſeeing the Water alone, to which all 
the Softneſs of the Clay is owing, freezes and grows 
hard. On the contrary, Heat cauſing the Parts of the 
Water, by whoſe Means the Matter of the Firſt and 
Second Element kept , the terreſtrial Parts of the Clay 
in ſome ſort of Motion, to evaporate ; theſe terreſtrial 
Particles, by their own Gravity, will be at reſt with reſpect 
to each other, and by that Means compoſe a dry or hard 


50 Hence we may alſo ſee the Reaſon of a Maxim 6. 9% 
founded upon a Multitude of Experiments, viz. That — honey 5 
Heat and Moiſture are P rinciples C orruption. For a Principles of 
Body is corrupted when there is a very remarkable Change (H rian. 
in it, which doubtleſs may be effected by ſuch a Mo- 
tion as this. Now theſe two Qualities conſiſt in this 
TN the © by Reſt, the Parts of Bodi 
. On con » by Reſt, the Parts ies are 5, Why Cold 

1A the ſame Srustion and Cold cauſes them to be at 22 
Reſt; wherefore we may lay this down for a Maxim, Thar T . 
Cold hinders Corruption. 

58. However we muſt not affirm this to be a general 58. 7. 
Maxim. For if a Body has Pores enough to contain re? Cold 
2 good deal of Liquor, and theſe Pores be filled with ga. 

ater ; becauſe Water cannnot freeze without dilating 


it ſelf, it may ſo happen, that in freezing it may break 


which are of certain Figures pro- ny other Yolatile Alkalizate Salts, 
per to excite that Senſation, and | make the Water with which they 
to produce thoſe Effects. And hence | are mixed very cold. See above on 
it is, that Sal Armoniac or Salt- Art. 48. 

Petre, or Salt of Urine, and ma- 
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the Body, which contains it, in Pieces. And thus we ſee 
that ſoft Stones, which are expoſed to the Froſt, crumble 
and are reduced almoſt to Powder, before the Water which 
they have ſucked in, can get out. x 
59, , 59 This perhaps is the Reaſon of what is ſaid by ſome 
Froſt is ht. of the Antients, That a hard and penetrating Froſt has 4 
Nl to Plants. Po ur of Burning. However, 12 often happens, that 
we aſcribe that Effect to Froſt, of which it is only a 
very diſtant Cauſe, and which is immediately produ- 
ced by Heat. For Example, when we ſay, that Froſt 
corrupts Fruits and the Buds of Plants, we ought rather 
to ſay, 1 that the Heat corrupts them whilſt the Froſt is 
diſſolving, becauſe it cannot get into the Pores of the 
frozen Fruits, nor make the internal Parts ſo ſoft as 
they were before they were frozen, without having firſt 
intirely deſtroyed the Connexion and Order of the other 
Parts, nor conſequently without having altered the whole 
Compoſition of the Parts. * 
60. Why Cola Go. For Proof of this we may obſerve, that it is the ex- 
«oes not ht treme Parts of the Plants, which always contain in them 
ee, more Moiſture than the other Parts, that are almoſt the 
only ones corrupted 7 the Cold, and alſo that the Cold 
does not hurt them till after they are budded, for before 
they bud, the Cold does not hurt them; for which we 
can give 2 no other Reaſon but this, that Plants before 
they put forth their Buds, are not ſo full of Watry Juices, 
= their Pores are large enough to ſuffer the ſubtil Mat- 
ter, to put thoſe Parts which may have loſt their Mo- 
tion into Motion again, without neceſſarily deſtroying the 
Connexion of thoſe it firſt acts upon, and which are 
more external, before it comes to apply it ſelf to the o- 
ther which are more internal. 80 
61. A c- 61. For à Confirmation of the Truth of this foregoing 
frmarion of Art. we may add, that in Northern Countries, where the 
; Cold is ſo great, that a Man cannot go into the Air with- 
out running the hazard of having the extreme Parts of 
his Body frozen ; if their Noſes or Fingers be frozen, they 
do not loſe them, if they keep from the Fire, and rub them 
with handfuls of Snow. | | 


T. That the Heat corrnpts them) | Clerc in his Phyſicks, Book V. Chap. 
However for the moſt part, the Par- xili. Sed. 65, Though this Defect 
ticles of the Juice being dilated and | does not appear till the following 
made ſtiff by the Cold, break in | Heat ſhows it. 

Pieces, and ſpoil the render Parts 2. No other Reaſon) See the Notes 


ef the Buds, gs is obſeryed by Mr. Lg 1 on the foregoing Art. 
| bs | 62. Ha- 
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62. Having thus explained the Four princi ities 62. Thar the 

that —— 6 a of F 3 — — of 

Liquidneſs, Heat, and Cold; there is no Difficulty in any and Swooth- 

other which may come under the fame Senſe, ſuch as noſe have no 

Rough and Poliſhed. For all theſe Qualities do ſo clearly . 

follow from the Diſpoſition of the Parts of Matter only, 

that there is no need of any Explication of them ; where- 

fore I ſhall paſs on to enquire into the Nature of Taſtes. 


* 


— — —_ 


c HA p. XXIV. 
Of TASTES. 


HE Word Taſte is uſed in Two Senſes. For Firſt, 1. TheMean- 
it ſignifies that Senſation which we commonly have 5% f 
when we drink or eat. Secondly, we underſtand by this * 
Word ſomething, I know not what, in the. Meat and 
Drink in which the Power of raiſing this Senſation of Taſte 
in us, conſiſts. | 

2. Though Taſte in the former Senſe of the Word, 2-That all 
cannot be exactly deſcribed, nor particularly known but . 5 
by Experience, yet we may make this Obſervation, that ſame Taft in 
all Men have not the fame Taſte when they eat the ſame 1e 
Meat, as appears from hence, that ſome Men can cat 
with Pleaſure thoſe Things which others have an Aver- 
ſion to: Whence we may conclude : that it is the ſame 
with Taſting as with Feeling : For if we touch in the fame 
Part, two Perſons, the one in perfect Health, the other 
juſt recovered of a Diſtemper, they will be very diffe- 
rently affected, viz. the one with an agreeable Tickling, 
and the other with an intollerable Pain; in like manner 
the ſame Meat may cauſe different Senſations in different 
Perſons. 

3. As to «ag the og Senſe of eels Ont which 3: Ariſtotle's 
we are principally to inſiſt upon, Ariſtorle's Opinion is, n e 
That it is a vali or Property of a moiſt Body ariſing Taſtes. 
ſro an earthy Dryneſs, and a Heat on being freſh boiled. 

[his Definition contains Three Things, every one of which 
have ſome Reſemblance of Truth. And firſt, I think 
Ariſtotle had Reaſon to ſay, that Taſte is a Property of a 
moiſt or liquid Body, becauſe thoſe that fre perfectly dry 
or hard, have no Taſte till ＋ th mixed with our 
Spittle. Further, if we conſider that Water has ſcarce a- 
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Taſte, and Air none at all; be both moiſt 
Bodies, we- muſt confeſs, d e af Reaſon to add 
ſomething more » and of an earthy Nature. Laſt- 
ly, he ought to in Heat, becauſe we find by Ex- 
perience, that in many Fruits it cauſes certain Taſtes 
Thich we did nor peretive in them before they were 


re The Followers of get will realy are to th 
1,04: Explication which I have given of his Definition of Taſte 

=eas Tate. but it muſt be owned, though he hes — 

3 yet has he given us no Information at 

all; becauſe he hag not explained what that Affection or 


Property of Body i is which cauſes Taſte, nor wherein it 


1.2 ed Cr der thi Detect, by ſay- 
— ing, that it is a Quality very like that Senſation which it 
rere pon A- raiſes in us; but are not at all aware what Inconve- 
riſtode. nience this us into: For beſides that this gives to 
| - inanimate Bodies a Mode of Exiftence, which does by no 

Means belong to them ; it would follow from this Opinion, 

that two Men could never have different Taſtes of the 


6. That Toe 6. On the contrary, „% 
S, H. when the ſame Meat cauſes different Senſations in two 
N different Perſons, one of them muſt neceſſarily have a 
eien of the Senſation different from that in the Thing which raiſes 
Bedy which the Senſation, we have Reaſon to think the fame of the 
we le. other likewiſe. It is probable therefore, that the Faculty 
- of Taſting in ws, is very like the Faculty of feeling Pain; 
chat is to ſay, in order to this Power into Act, no- 
— wha required on the Part of thoſe Bodies which 
e Taſte, but that they move i the ſmall Fibres of the 
Nerves of the Tongue in ſuch a manner as they ought 
to be moved, and as Nature has appointed, in order to 
the 23 of Taſte; the ſame as in order to feel 
Pain, nothing more is requiſite but to move in a certain 
manner the Nerves which are the Inſtruments of Feeling: 
And becauſe nothing can move another, unleſs it be in 
Motion it ſelf, and nothing can be a to the Nerves 
of the Tongue, fo as to have any Effect upon them, un- 
n a certain Bigneſs, and of a certain Figure: 


the Organ ot Taſte, and its 


1. 1. ſmall Fibres) 2 Part II. 1 iv. and the famous 
* Epiſt. 
tion. dee Katte Phyſe Book VII. 
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| therefore think, that the Form of a Body which cauſes 
Taſte, conſiſts in the * Bigneſs, Figure Motion of its 
Particles, . and that from the Difference which there 
may be in theſe Three Things, there may ariſe different 
Taſtes. 

7. And this is confirmed by a Truth, which follows 7. 7: Pip fons 
Fa what I have ſup „namely, that if the Particles . _ 
of a Body be fo bel that they will ſcarcely or not at 
al move the Organ of Taſte, that Body will have no 
Taſte. And thus we find by Experience, that Water has 
ſcarce any Taſte, and Air none at all. 

8. We may allo give a particular oe _—_ Air has 8. 4 parti- 
no Taſte, viz. becauſe it ſwims upon our 8 — without © — 
mixing with it, © 6 ORG upon the a ai 
Nerves of the Tongue; by which we may alſo under- 
ſtand why fat Liquors. have not ſo ſhary a aſte as thin 
Liquors have. 

9. Further, if a Body be of ſuch a Nature, as that none 9. U ard 
8 hes Parts are ſeparated from it, which are capable Ju oma Ia 

the Pores of the - mikey in order to move have u Tate. 
row bres of the Nerves, that y t to have no 
Taſte. And ſo we find, in moſt Metals, alſo in Glaſs 
and Flint Stones. 
10. Nor are we to think that there is any Thing i in theſe 10. How Me- 
Bodies, that cauſes them to have no Taſte, but only, the m; ac- 
not being divided; for the Salts which to _ 2 
Compoſition of Glaſs, taſted v wy ſtrongly before 
concreted ; and Metals which are reduced to a — 
fine Powder by the Chywiſt are of ſo ſtrong a Taſte as 
not to be born. 

11. Since Heat always increaſes the Motion of a Body; 11. #%» 
and fince it is alſo very certain, that the more a Body gase, Mea 
is in Motion, puta any, = it is of mo others « . then 
— which it is applied; it follows, that when Meat is 3 

hot, it muſt —— rily have a ſtronger Taſte, than when 
it is cold; as every Day's Experience ſhows us. 

12. Ir is alſo very eaſy to ſee, that the Heat, in ma- 12 — 
king Meat ready, cauſes the Particles to ſtrike one againſt f. , 
another, ſo that the Corners of many of them ma be nat be 0 


1, Fignre and Motion) whether the Particles of the Salt on- . 
N. pode „that not all the Par- | ly, — other Particles, — 
ticles, but the Salts mixed with the ates, it comes to the 
Particles of all Bodies, are the Cauſes | ſame Ching? for we muſt e 


«6. Taſtes ; which is handled at | at laſt have recourſe to the B 
ere Motion and Figure of thoſe 
2 Chap. xii, And indeed «| See the Notes on Art. 38. 


is a very probable Opinion but 
broken 
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broken off, and they by this Means divided into ſmaller 
Particles than they were before, and alſo of a different 
Figure ; and this is the Reaſon, why Meat, when it is 

made ready, has a different Taſte from what it had when 
raw. | | 

13. r 13. As to the Difference that there is in Taſtes; ſince 

— e we have made them to conſiſt chiefly in the Difference 

many —4 of the Figures of the Bodies fo taſting; of which Fi. 


&ifferent res there may be infinite Variety; this agrees with 
. . N which diſcovers to us new T every 
7 a 


14. K 14. This being fo, I cannot ve of their Opinion, 

rake of 2 Wo cb end extreme Taſtes, from a ——— 

gn, tion of which they imagine all others to ariſe. Belides, 

oſt riſe a it — 3 pr r that all * would 

oe oe r differ only in 3 which is contrary to Experience, 

— — ſhows 3 that there is a greater Difference 
than ſo. ; 

15. That 15. I do not fay that there can be no Inſtances given of 
Sweet ought ſuch extreme Taſtes, which raiſe in us the moſt diffe- 
2d ro Bl. rent Senſations; but if any ſuch are to be allowed, I 
ter. ſhould rather oppoſe a' ſbarp or acid Taſte, to a bitter 

Taſte, and not a Sweet to a Bitter, as is commonly done; 

becauſe we do not find that a /harp Taſte ariſes from the 

Mixture of Sweet and Bitter; but on the cuntrary, Sweet 

ſeems rather to ariſe from the Mixture of the other Two, 

as we experience in Fruits, the Sweernefs of which ſeems 
| to be a Medium, betwixt an Acid and a Bitter. 

16. Wha: 16. To attempt to treat of ev icular Taſte, 
1 en would be to undertake a Thing impottib e, and there are 

many Things wanting in order to ſpeak with Certainty of the 
me ſeem more eaſy' ro be underſtood than others, ſuch 
as Acid or Soure like Citron- Juice. For as this Taſte pricks 
the Tongue, we may from thence conclude, that Bodies 
which affect us in that manner, conſiſt of a great Num- 
ber of long and ſtiff Particles, which in ſome meaſure reſemble 
ſmall Needs. . | | 
17: Why alt 17. This will ſeem the more probable, if we conſider, 
— — that this ſoure Taſte is common to all Fruits before they 
ave foure. are ripe; for this is a Sign that Soureneſi conſiſts in ſome- 
thing which is common to them all; but we cannot con- 
ceive any Thing elſe common to them all, but this 
Diſpoſition of their Parts, for they are all compoſed of 
the Juice of the Earth, which ſtops in the ſtreight 
Pores of the Stock and Branches which bear the Fruits. 


18. That 


pgs and moſt common ones. However amongſt theſe, 
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18. That we may underſtand ſomething of other Taſtes, 18. Whar the 
we may conſider the Progreſs of Fruits till they come 4 * 
to Maturity ; for if we can but once know what Figure Fats 40. 
the Particles are of, when we experience a certain Taſte, /*- 
it will be eaſy to conclude, that this Taſte conſiſts in 
this Sort of Figure. Firſt then, ſince all Fruits are ripen- 
ed by the Heat of the Earth and Air: (whether this Hear 
be cauſed by the Rays of the Sun, as commonly happens 
in Fruits that grow in Gardens, or whether it & produ- 
ced by Fires kindled under or upon the Earth, as when 
Fruits are made to grow in Houſes, in the midſt of Win- 
ter;) we cannot help thinking, that a great many Parti- 
cles of theſe Fruits are put into ſo great Motion, as to 
ſtrike againſt each other in different Manners, ſo that ſome 
of the longeſt of them are broken into ſhorc ones, others 
have their Points * beaten off, and others are made 
entirely round. And then it is, that the Fruits have a 
weet acid Taſte. Whence it is reaſonable to conclude, 
that the ſweet acid Taſte of Fruits conſiſts in this, that ſome 
of their Particles are long and ſtiff, and prick the Tongue, 
at the ſame time that a great many other of them are leſs 
penetrating, and ſo ſlip over the Fibres of the Nerves, 
without producing any thing more than a kind of Tickling. 

19. We may obſerve further, that the riper Fruits 19. How they 
grow, the more their Particles are broken, blunted and 572 1 
made ſmall; wherefore ſince the Fruits are then fweer- * 
er, we ought to conclude, that the great be of 
Fruits ariſes from hence, that they have a far greater Num- 
ber of thoſe Particles which can only tickle, than of thoſe 
which prick. | 

20. But if Fruit continues 2 too long; there is 20. What 
no doubt, but that all its Particles will be ſo bruiſed, that — — 
none of them will be able to prick the Tongue agreeably, 6 
but they will only tickle it in a diſagreeable manner: 

Now Fruits when they are too ripe, become bitter; whence 

it is reaſonable to preſume, that Bitterneſs conſiſts in 

this, that all the Particl's are ſo broken, blunted, and made 

ſmall to 4 Degree, that there remains no long and ſtiff ones 
them. 

21. And this is confirmed from hence, that in thoſe 21. 77% 
Things which are made ready by Art, the Parts of them 77's when 
which are burnt, and whoſe Particles are beaten one againſt „. — 
another, and have their Corners broken off, are always become bitter. 
bitter, as we experience in Cruſts of Bread, and in Roaſt- 
meat when laid too near the Fire. | 


22. The 
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free dur explained, we ſhall no longer be ſurprizd, thr 
. thus ined, we ſhall no longer Zed, that ſweet 
2 — Things, ſuch as Wine, ſuppoſe, may be reſolved into 
4 the ene two other, the one of which is ſoure, or acid, the other 
_ bitcer, bitter ; for that which makes any Thing ſweet, (with 

ſuch a Sweetneſs as is agreeable to the Taſte) is com 
ſed of two Sorts of Particles, in the one of which Kade 

conſiſts, and in the other, Bizrerneſs. 
23. Whybie= 23. Neither ſhall we any longer be ſurprized, that 
been v Orange-Peal, Treacle, and many purging Medicines have a 
acid Toings heating Quality, and that acid Things, ſuch as the Juice of 
cooling. Orange and Ver juice, are commonly cooling; ſince we are 
aſſured, that Heat conſiſts in ſuch a Sort of Motion, as 
the ſubtil, round and blunt Particles of bitter Things, are 
capable of exciting and continuing ; and that on the con- 
the — ler of which acid Things are com- 
— 4 ing ſomething of the Nature of Water, are more 
proper to hinder Motion, that is, to quench Fire, than 
to kindle it; wherefore they ought to be reckoned a- 
mongſt cold Things. | 

 ;24 Hows 24. Neither is it inconſiſtent with what has been faid, 
may be col. that we ſometimes find our ſelves cooler than we were 
ing. before, upon eating bitter Things ; for there are ſome of 
them ſo eaſy to be corrupted, that they can produce but 
a very ſmall Heat, ſuch as is ſcarce to be perceived; 
but yet this Heat may be enough to cauſe ſuch an Agi- 
tation in the Particles of our Blood, as to carry off ſome 
noxious Matter which made it move too quick before, 
and by this Means it will be put into a more quiet State; 
and thus we may feel the Heat abated, and our ſelves cool- 
er than we were before 


25. That the 25. I ſhall not inſiſt any longer n the Explication 
—_ of of particular Taſtes. It woul he wary tedious to go 
— * through them all, and require a great Number of very 
teration of exact Experiments, which I have not made, nor perhaps 
the Fewre f ever ſhall. But to confirm my own Opinion as much as I 
of the Body can, that their Difference conſiſts in the different Figures 
which we of the Particles of the Body <which we tafte ; I will exa- 
taſte. , k , | 

mine one arly, and make it appear, that as often 

as our Reaſon ſhews us, that there is any Alteration in the 


at the Mood from the very Beginning, till it degenerates into ſome- 
1 the Vine thing that is not at all like Wine. I obſerve in the firſt 
— place, that the Moiſture of the Earth, becauſe it is com- 
Taſte. poſed 
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of the moſt minute Particles of it, has ſcarce any 

aſte, and though in the Pores of the Wood of the 
Vine it grows in groſſer Particles, and ſuch as are able to 
move the Nerves of the Tongue; yet becauſe it ſticks 
among the Parts of the Wood, and is not eaſily diſinga- 

from it; therefore it excites but a very Sen- 
ion in thoſe who chew the Wood. . 
27. Further, ſince the Particles of the Juice which „27, 744 
into the Air and diſtill through the Stalk of the gant 7, 
Beach. in onder $0 form the * ſtick together, and #: is f 
cannot eaſily be ſeparated ; it follows, that they can ap- ge este 
ply themſelves to the Superficies of the Tongue only, little Taſte? 
and conſequently that they can raiſe but a ſmall 
tion ſcarce to be perceived. And fo we find by Expe- 
rience. | ; 

28. But ſome time after, when the Particles, of which 28. Nu 
the ſmall Grapes are compoſed, are ſeparated from each > hey Tye 
other, either by the Heat of the, Air which agitates them »f 7erjaice. 
gently, or by the Acceſſion of more ſimilar Particles which 
truſt themſelves in to _ _— of them; it is 
manifeſt, that they ought then to ſeparately, and to 
raiſe the Senſation of a very ſharp Taſte, ſuch as we ex- 
perience · in Verjuice. = 

29. And the Heat of the Air, which increaſes as the 29. How 
Fruit ripens, continuing to move the Particles of the fag. cw» 
Grapes, it is evident, that muſt be more and more 
blunted thereby, and ſome of them made fo very ſmall, 
2s only to tickle the Tongue agreeably, and to excite that 
Senſation of Sweerneſs which we feel in chewing the ripe 
Grapes. ; 

* We ſee alſo, and it is an Obſervation worth taking 30. Nene 
Notice of, that if it be wet Weather about the Time of jy. 
ering the Grapes, the Water which ſinks into the fit rats A 
rth, will afford too much Nouriſhment to the Grapes: * the lin- 
Wherefore as there are too great a Number of long Par- 
ticles, which there is not time for breaking or blunting, 
it follows, that the Grapes will not be ſo ſweet as 
would otherwiſe have been. And this is often found by 
Experience : For if it rains a little before the ung the 
Wine is ſharper, or, as they call it, harſher. This the 
People of Languedoc ſeem to be aware of, who are at the 
Trouble, a little before the Seaſon of ing the muſca- 
dine Grapes, to twiſt the Stalks of all — that ſo 
= may ripen, and not receive any more new Nou- 
ment. 


31. For 
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r. The Re- G1. For a further Confirmation of what I have fa, 
== «Fx — is worth rank that if 2 _ of — Juice Tug the 
ſweet. Grapes 5 er they are preſſe ere t to be v 
8 wle Diäten — the . of the Grapes themſelves 
and it ought alſo to continue its Sweetneſs for ſome time 
after it is put into the Veſſel, provided the Veſſel be well 
. For though, while it is working, many of the 
long Particles which are intangled in one another, have 
an Opportunity of getting clear, and ſo are capable of 
— yet however they cannot cauſe any ſharp Sen- 
tion, uſe they act in Company with a great many 
others which have had ſufficient time to be broken and 
made ſmall, having been preſerved in the Veſſel care- 
fully ſtopped up: And this agrees very well with the 
| — Which we find in New Wine before it is 
ned. 
 32-YViy 32. If while the Wine is working in the Preſs or 
7'Fine grows Vat, and while it continued to work in the Veſſel, the 
Lela. mot ſubtil Particles, which have moſt Motion, and which 
by reaſon of their Smallneſs were. leſs ingaged with the 
other, be itted to fly away, and evaporate into the 
Air th the Bung-hole, which is left open for that 
Purpoſe, there muſt neceſſarily remain fewer of thoſe Par- 
ticles which tickle the 'Tongue, and more of thoſe which 
prick it. And this is the Reaſon why we ought then to 
find the Taſte ſharper, that is, ſuch as we experience in 
Mine not quite fit to drink. 
33-Yowie 33. After this, we may conſider the Wine in two Con- 
— ditions: Firſt, let us ſuppoſe it ſtopped up in the Veſſcl 
ſwo cloſe, that it has not the leaſt Communication with the 
external Air; in which Caſe ſome of its Particles will be 
broken and blunted, and a great many of thoſe which re- 
miain whole, will loſe their Stiffneſs, and become plyable, 
by rubbing againſt one another, and bending in that ſtrait 
Place in which they are incloſed ; and by this Means they 
will be leſs capable of ſhaking the Nerves of the Tongue: 
Wherefore the Wine will no longer taſte Sharp, but at- 
e which we experience in it when it is 
r to/drink. 
34. How it 34. And without doubt the Sweetneſs would increaſe con- 
may become | tinually, if the Wood of the Veſſel did not change the 
very ſweet. Liquor a little, and permit the more ſubtil Parts of it to 
evaporate through its Pores. For a Proof of which, we 
may remember, that Wine kept many Years in earthen 
Bottles, well ſtopped, and put into Sand in the W 
| c 
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the Cellar, will in length of Time become as ſweet as 
Honey. | 
25. Suppoſe now, that the Veſſel be not ſtopped; the 35. Howie 
Particles which flip by one another, may be ſo worn e 
35 to be a little diminiſhed, but there is no Neceſſity that wi 
they Could become limber and pliable: For thoſe of 
them that are moſt limber, are at liberty to evaporate 
through the Hole of the Veſſel, and thoſe which remain 
have the more room to move in without being forced 
to bend themſelves. So that all the Alteration that will 
happen to the long Particles which remain, is, that they 
ol become more ſharp, and the Wine will be convert- 
ed into a Liquor which will prick the Tongue more ſharp- 
ly, that is, it will be turned into Vinegar. a 
36. If the Particles ſtill continue to be thus moved for 36. How 77- 
a conſiderable time, they will at laſt be ſo worn, and be- 27 my be 
come ſo very lender, as to be extremely pliable; inſo- „ Eiger chas 
much, that they will have no Power at all to move the may l. 
Nerves of the Tongue; and then the Liquor compoſed H. 
of them can have no Taſte, and be very little different 
from Water; as we find by Experience. | 
37. For a final Confirmation of what I have ſaid con- 37. Are. 
cerning Taſtes, I will relate an Experiment which I made 77tobene 
my ſelf: I took a Pewter Pot, and having made we | 
Hole in the Bottom of it, I ſtopped it with a Piece of 
Cloth, and then filled it about half full of very fine 
Sand, ſo well waſhed, as not in the leaſt to tincture the 
Water which drain'd through, and afterwards well dried : 
After this, I put in a Quart of full-bodied Red-Wine, 
which diſtilling through the Hole below, there came out 
about a Pint of clear Liquor like Water, which had no 
Taſte : Then perceiving that the Drops began to be tin- 
with Red, I took away the Veſlel which I had ſet un- 
„and put another in its Room, into which there ran 
near the other Pint; and this laſt was much leſs 
red, and had a much fainter Taſte than the Wine it ſelf 
before it paſſed through the Sand. Laſtly, mixing this 
Liquor with the other, which was very clear, the Reſult 
A Liquor of a very faint Colour, and ſcarce any 
38. I think no Body that knows what Sand is, can find 38. The C24: 
out any other Reaſon for the Alteration of the Taſte of 4 . 
the Wine by paſſing through it but this, that the Parti- — 
cles of the Wine being forced to go through very nar- 
row winding Paſſages, are bent a great many times all 
a - N | Ways, 
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Ways, and * have the Figure and Condition of them 
2 From whence we may conclude, that 2 the Form 
al 


Bodies that have 
and Figure of their Particles. 


I. Have the Figure, &c.) The Fi- 
gure of them is not altered, bur only 
the Parts which have no Colour or 
Taſte, are ſeparated from the red 
Parts which have a Taſte. 

2. The Form of all Bodies, &c.) 
That Taſte conſiſts wholly in the Fi- 
gure and Compoſition of the Parts is 

clearly demonſtrated by the famous 
Mr. Boyle, from the ſurprizing Al- 
teration of "Taſtes, by variouſ! 
compounding of Bodies. I thi 
it worth while briefly to propoſe 
the Experiments made by that ex- 
cellent Perſon, becauſe they ought 
to be kept in Memory. 

Firſt, From two Bodies, one of 
which is very acid and corroſtve, the 
other alkalious aud fiery, may ariſe a 
27 without almoſt any Taſte. This 

s do 


ne by a certain Compoſition of 


Spirit of Nitre and Nitre fixed per 
deliquum. 

' Secondly, A Body that has ſcarce 
any Tafie may be ſeparated into two 
Bodies of a very Taſie> yet 
very different from each other. This 
is done by diſtilling the moſt refi- 
ned Salt of Nitre by Inflammation, 
or with a Mixture 
it ſelf no Taſte. 

Thirdly, From two Bodies, one of 
which is very bitter, and the other 
very ſalt, may ariſe a Body which 
has no Taſte. This is done by ſprink- 
ling Cryſtals of +Sitver diſſolved in 
Agqua-fortis with Brine or Salt 
Water, and then melting and prepa- 
ring them on the Fire till they come 
to a Lana cornea as the Chymiſts 
call it. 

Fourthly, From two Bodies mixed 
together, one of which is very ſweet 
and the other wery falt, may ariſ} 
alſo a Body which has no Taſte, This 
is done by pouring a2 certain 
Quantity of Spirit of Sa! Ammoni- 


Clay which has 


any Taſte conſiſts in the Diſpoſition 


] ac or Salt of Urine upon red Lead 


diflolved in Vinegar, or Sugar of 
Lead diſſolved in a proper Aen. 
ſtrumm. 

Fifthly, From two Bodies, one of 
which is acid, and the other has 10 
Taſte, may ariſe a Body very bitter. 
This is done by ſtraining Agna-for- 
tis ſaturated with diflolved Silver: 
For it will afford very bitter Cry. 
ftals. 

Sixthly, From two Bodies mixed 
together, one of which is inſipid, and 
the other very corroſrue, may ariſe a 
— — _— This is 

one the Aqua- for- 

tis upon red Lead, and then o 
ting it over a moderate Fire a it 
is Iaturated. 

Seyenthly, From the ſweeteſt Bo- 
dies of all, without mixing any other 
Bodies with them, may be extracted 
very corroſive Liquors, ſuch as will 
diſſolve certain Bodies. Thus a Spi- 
rit that will diſſolve Copper may be 
extracted from Sugar or Honey, 

Eighthly, 4 Body as bitter as can 
be, may be ſeparated into two Bodies, 
one of which is very acid, and the 
other without any Taſte. I hus a ve- 
ry acid Spirit may be extracted from 
Cryſtals of Silver diſtilled over a v 
hot Fire, and a Body without any Taſte 
will remain at the Bottom. 

Laſtly, The ſame Body diſſolved in 
different Liquors, as Aqua fortis, Aqua 
regia» Spirit of Salt, diſtilled Vine- 
gar, Spirit of Urine, &c. will have 
a different Taſie in each of them, 80 
alſo, the ſame Liquor at Aqua-fortis, 
mixed with different Bodies, will have 
different Taſtes, thus with Silver it 
will be bitter, with Lead it will be 
ſweet, with Copper it will be into. 
lerable. See Boyle of the Prodndim 
of Taſtes. . 
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CHAP. XXV. 
Of SMELLS. 


Y the Word Smell, we may firſt underſtand that par- 1. Wha i: 
ticular Sort of Senſation which is raiſed in us by the 5 ”= 
Impreſſion of certain Bodies upon r the Nerves of the in- * 
ternal Parts of the Noſe : And we may alſo underſtand by 
it, that in the Body which ſmells, in which the Power of 
exciting the Senfation of Smell in us, conſiſts. 

Every Body knows by their own Experience what 2. Thar the 
Smell is in the former Senſe of the Word, but it is im- — of 
poſſible to deſcribe and make ſuch Perception known to atite i» 4 
others. All that we can ſay, is, that the ſame Object does **:/on. 
not raiſe the ſame Senſation in all Perſons, a great many 
finding certain Perfumes agreeable to them, which others 
cannot bear. 

3. This being ſo, we ſhall only endeavour to find out 3 That Ari- 
what Smell is with reſpect to the Body ſmelling. Ariſtorle 4 fe ug 
has not defined it at all in that Chapter where he, greats Sell i. 8 

ly of Smells, and 2 where he makes this EHeuſe, 
that Men have not their Smell fo perfect as other Creatures. 

4. Some of his Followers think they underſtand what 4. 74e 0gin;- 
he means 3 from that Place where he fays, that the In- en of the Ari- 
ſtant we perceive any Thing, we become like the Ob- —— 
ject which acts upon us to cauſe that Senſation: And 
upon this Foundation it is, t hat they contend that Smell 
in the Object is ſomething very like that Senſation which 
it raiſes in us. To which they add, that Smell ariſes from 
the Mixture of hot and cold, dry and moiſt, but ſo that 
the hot and the dry prevail moſt. 

5. But beſides, that this Opinion aſcribes to inanimate x. & conf- 
Bodies, a manner of Exiſtence which agrees to thoſe *-tion of chi 
only that are animated, which cannot be; it would fol- ”—_— 
low, that the ſame Smells muſt be equally agreeable to 
all Perſons, contrary to what was obſerved before. To 
which we may add, that it is wholly inconceivable, (ſup- 


I. The Nerves 7 the internal Parts) Colbar are. The Reaſon is, becanſe 

For the Organ of Smelling, and the | we have not this Senſation very per- 

Deſcription of it. See Regis Phyſ. | fect, but worſe than many other Ani- 

3.8. Fart II. Chap. v. mals ; For Man's Smell is very bad. 
2. VVhere he makes this Excuſe) | Ariſt. de Anima. lib. 2. cap. 9. 

It is not ſo evident what Smell is, | 3- From that Place) See the Notes 

«s what Darkneſs or Light or on Chap, XXill, Art. 7. 
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ſing the Idea's which the Ariſtotelians give us of the 
tour principal Qualities that come under the Senſe of 
Touching to be true) that the Mixture of them ſhould 
produce any Thing elſe but Warmneſs,' which will be 
more or lei dry or moiſt, according as it has more or 
leſs of thoſe Qualities mixed with it, which has no Simi- 
litude at all to that Idea which they give us of Smell. 
Laſtly, If this Mixture were Smell, as we perceive it b 
Touch, it ought to raiſe a Senſation like to it ſelf in 
Places where the Organ of Touch is; and then we ought 
to ſmell with our Hands as well as with our Noſes; which 
is contrary to Experience. 
6. Whatthe 6. If to this it be anſwered; that That which cauſes 
Seel f the Senſation of Warmneſs, when it acts upon the Hand, 
fits in, may alſo excite the Senſation of Smell, when it acts up- 
on the Noſe, Nature having fo ordered it: I agree with 
them. But becauſe I know nothing elſe in Bodies but 
Magnitude, Figure and Motion, I cannot think there is need 
of ſuppoſing any Thing elſe to make them capable of 
impreſſing Smell upon the Organ of Smelling : Wherefore 
I am of Opinion, that the fame Particles which raiſe the 
Senſation of Taſte, when applied to the Tongue, may 
alſo raiſe the Senſation of Smell, when being ſo very 
ſmall ro fly about like Vapours or Exhalations, they 
come to tickle thoſe two extended Parts of ' the Brain 
which anſwer to the moſt inward Receſs of the Noſe. 

5. , 7. This may be proved from hence: Firſt, That we 
Smells are experience, that the greater the Heat is, and conſequently 
m1 een i the more capable of making a greater Number of ſuch 
is het, than Particles as cauſe Smell, to fly off; the further do Bo- 
— is dies extend their Smell: And on the contrary, as the 

Cold keeps their Particles at reſt, and hinders them from 
— ſo it is the Cauſe of their Smell's being leſs per- 
ceived. 

8.Why cer- 8. Further, we obſerve, that a great many Bodies ſinell 
(4, poder, no longer than whilſt they are moiſt, that is, ſo long as 

ſome of their Particles are in Motion; and that they 
ceaſe to ſmell when they are quite dry, or have all their 

Particles ar reſt. 2 
9. How Bo- 9. Laſtly, One of the moſt evident Proofs that we have 
dies which to ſhow that Smells conſiſt in the Evaporation of certain 
ſeem to have Particles, is this; that moſt hard Bodies, which do not of 
ſend ori © themſelves, as we fay, raiſe the Senſation of Smell, when 
ſome Smell. they come to be burned, or only to be rubbed one a. 

ainſt another, appear to have a Smell; becauſe by theſe 

eans ſome of their Particles. are made to ye 
| us 
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Thus Sealing-Wax, when it is lighted, raiſes a Smell, 
which was not perceived before. And thus Iron rub- 
bed againſt Iron, and one Flint againſt another, raile a 
Smell alſo which was not perceived before. 

10. I do not however pretend to affirm, that all Sorts 


of Particles which are carried off from all Sorts of Bo- me Bodies 
dies, ought indifferentiy to raiſe the Senſation of Smell; 2 Smell. 


For in order thereto, there ought to be a certain Motion 
of the Organ of Smell, and a certain Force to ſhake it; 
and there may be alſo Particles fo very ſmall as not to 
be able to ſhake it the leaſt that is poſſible : Thus, the 
Air which we breathe, and the Vapours which riſe out of 
Water, have no Smell at all ; and, on the contrary, there 
may be others ſo large as that they may not come to the 
Organ at all, or if they do come to it, are rather -capa- 


ble of quite ruining it, than of ſhaking it in ſuch a man- 


ner as may raiſe the Senſation of Smell. 


11. The Difference of Smells 


upon the fame 


Cauſe as the Difference of Taſtes does, that is, 1 pon 


N 3 ticles 


1. Upon the Difference) That | 


Smell, in the ſame manner as Taſtes, 
conſiſts entirely in the Compoſition 
and Figure ot the Parts, is very evi- 
dent from the following Experiments 
made by the famous Mr. Boyle. 

Firſt, From two Bodies mixt 
together, each of which is with- 
out any Smell, may be raiſed a v 
ſtromg urinons Smell, This will be, if 
wnſlacked Lime and Sal Ammoniac 
be bearen together. 

Secondly, By a Mixture of common 
Water, which has no Smell, a Body 
which has alſo no Smell, may be made 
to ſend forth preſently a firong Smg/l. 
Thus Camphire diſſolved in Oil of 
Vitriol has no Smell, but mixed with 
Water, it immediately ſends forth a 
1 al, Conpornd Bd ſend 

irdly, os may 

forth Smell which are not at all like 
the Smells of the Bodies ſeparate. 
Thus Oil of Twrpentine mixed with 
double the Quantity of Oi of Vitrio!, 
after it is diſtilled, will not ſmell 
Turpentine but of Brimſtone ; and 
that which remains in che Retort, 
if it be forced with a ſtronger Fire, 
will reſemble the Smell of diſtilled 
Oil of Wax. 

Fourthly, A 5 at many Smells 


e 
may be raiſed only by Motion and 


Agitation. Thus a Multitude of 
- Bodies, as Glaſs, Stones, &c. which, 
though heated, ſend forth no Smell, 
yer if agitated and bruiſed with a 
rticular Motion, ſend forth a very 
ng Smell; and there comes 2 
Smell like that of a Roſe, out of 
Beech- wood while it is turning. 
Fifthly, A Body that has a ftirong 
Smell, mixed with another Body that 
has no Smell, may loſe all its own 
Smell, Thus if Aqua ſortis not too 
well dephlegmated be poured upon 
Salt of Tartar, till it ceaſes ferment- 
ing; that Liquor, after evaporation, 
will afford Cryſtals without any 
Smell, like Salt of Nitre; but if they 
3 they ſmell as bad as can 


Sixthly, Ont of two Bodies mixed 
together, one of which has the worſt 
of Smells, and the other not 4 very 
good one, ariſe a pleaſant aro- 
matich Smell. This is done by a 


certain Mixture of Agua fortis or 
of | Spivie 1 Nitre with inflammable 


Spirit Wine. 

Seventhly, Spirit of Wine mixed 
with a Body that has ſcarce any 
Smell, may produce a pleaſant aro- 
matick Smell. Thus an equal Qua - 
tity of inflammable Spirit of Wine 
and Oy! of Dantxick Vitriol, mixed 

together, 


the Difference there is in the Bigneſs and Figure of the Par- fis. 


| 
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ticles which are exhaled from the Body that ſmells. As will 
be evident to any one who conſiders that thoſe Las 
which have the ſame Taſte, have alſo the ſame Smell : 
Thus all ſharp Bodies have a ſharp Smell, and all bir. 
ter Bodies have a Smell that has ſomething of Bitterneſs 

in it. | 

12. How the 12. And this is ſo true, that when we are once aſſured 

— — that the Particles of certain Bodies have changed their 

forth different Figures, we always find A that they have 

Smells one af- changed their Smell alſo. us, the Matter gendred in 

ter another. the Abſceſs of a Land Beaver, expoſed for ſome Days 
together in the Sun, in a hot Country (which without 
doubt daſhes the Parts one againit another, and alters 
their Figure) ſenſibly alters its Smell, and as ſtrong 
as it was, it becomes firſt tolerable, and at laſt is 
turned into that valuable Perfume, which we call 
Musk. 

13. How the 13. From what we have ſaid concerning the Nature of 

frat, 2, ſmelling Bodies, we may conclude, that both their Bulk 

ics di. and their Weight diminiſh by little and little. Thus we 
niſhes by lit= find by Experience thoſe Smells to be quickly over which 
le and ltelt. are raiſed by burning: But as to thoſe which we perceive 
without heating the Bodies, ſuch as thoſe of Must and 
Civet, 1 it is a long time before they are ſenſibly dimi- 
niſhed, becauſe the Motion of their Particles is very flow, 
and but a few of them are exhaled at a time. And as but 
a few of them are exhaled at once, they could not move the 
Senſe, without meeting and mixing with a great many 
others, which were ſometime before evaporated, and flew 
about the ſmelling Body. 


together, and digeſted, and then di- | Tad forth a pleaſant Smell. See 
ed, will afford a penetrating | Boyle of the Produdion of Smells. 
Spirit of a very pleaſant Smell. 1. It is a long time, &c.) M bo- 
Eighthly, A Body of the moſt plea- | ever conſiders * infinite Diviſibili- 
* ſant Smell, without mixing am other | ty of Matter, and the inconceivable 
Body with it, may degenerate into the | Smallneſs of the Parts of Light which 
worſe ſtink. Thus the Spirit menti- | always find an eaſy and open Paſſage 
oned in the foregoing Experiment, if | through Glaſs and Diamonds on all 
it be kept ſtopped up in a Bottle, | Sides, and every Way, will, I believe, 
will in a ſhort time degenerate into | have no doubt, but that it is whol- 
the ſtrong Smell of Carlick. ly owing to the Smallneſs only of 
Laſtly, Out of two Bodies, one of | the Parucles emitted, though they 
which has no Smell, the other a bad | may be very much larger the 
Smell, may ariſe a nga Smell I Particles of Light, that Bodies which 
like that of Mast. This is done by | have a Smell, are yet a very long time 
R= Pearls into Spirit of Vitriol. | before they are ſenſibly diminiſfi d. 
or while they are diſſolving, they 
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CHAP. XXVI. 
Of SOUND. 


HE Word Sound was intended to ſignify in the 1. The Word 

_ firſt Place, that particular Senſation which is raiſed 99m bs 
in us, by the Impreſſion made upon the Ears by what nn. 
we call ſounding Bodies. And the fame Word is alfo 
uſed to ſignify That in the ſounding Bodies, as in a Bell 
or in the Air which ſurrounds it, which cauſes in us the 
Senſation of Sound. | | 
2. After what has been obſerved when we ſpoke of 2. i» wha: 
Taſtes and Smells, it is needleſs to ſay, that Sound, taken Senſe we are 
in the former Senſe of the Word, cannot be deſcribed, — _— 
nor known any other Way but by Experience. Where- Mn. 
fore we ſhall treat of it here only as That in the ſounding 


. Bodies or in the Air, which we call Sound. 


3. Ariſtotle has 1 a Chapter particularly upon this Sub- r : 
jet, wherein he aſſerts, that Sound is nothing elſe but the Sound. 
local Motion of certain Bodies, and of the Medium applied to 
the Ear ; and that we may be ſure that this is his No- 
tion, he repeats it above twenty times. 

I take particular Notice of that extraordinary Care 47 The Netien 
which Ariſto:le took, to make us underſtand the Notion CREE N 
he had of the Nature of Sound. For though he repeat- 
ed it ſo often, that it may ſeem troubleſome to ſome Rea- 
ders; yet I find, he has not-faid it often enough for ſome 
others, who profeſſing to follow his Opinions in other 
Things, do notwithſtanding believe that Sound is a Quality 
different from local Motion. 4 

5. There are ſome, who, to maintain this Opinion, and 5: FharRea- 
confute that of Ariſtorle, ſay, that if Sound be nothing elſe fn "ies 
but local Motion, it would follow); that in moving our 
Hand, for Inſtance, we ought to perceive ſome Sound; and 
there are others who aſſert, that according to this Noti- 
on, it muſt follow, that a Bell which is heard two Leagues 
every Way, muſt move the Air ſo ſar all round, which 
they think abſurd. 

6. However, theſe Objections are of no Weight; for *: — | 
as to the firſt, it proves no more than this; that WP i= fk 
7 om Anito- 
1. A Chapter particularly npon this | cerning the Soul. | tle. 


 Subjed) Chap. viii, Book. 2. Con- 


N 4 does 
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does not conſiſt in all Sorts of Motion, and eſpecially not 
in ſuch a Motion as is given to the Hand when it is mo- 
ved; which indeed is very true. And as to thoſe who 
think it abſurd, that a Bell ſhould move the Air for two 
Leagues round, they judge of Nature only by their own 

Prejudices, which are no Proofs. | | 
P T-at the 7. I confeſs indeed, that ſome Force is required to 

4) does nor put a Maſs of Matter, which is extended two L. 
cauſe all that round in Motion; But the Effect produced by the Bell is 
7; reqiſns 34 not ſo great as we may imagine: For when it moves the 
produce Air in this manner, 7 it only acts upon a Body, which 
Sound, was in Motion before as it is a liquid Body. So that 
it does not ſo much act upon it to give it Motion, as 
to determine that Motion which it had before, in ſuch 
4 ag is proper to produce in us the Senſation of 

und. 5 1 
8. That it is 8. I ſay further, that it is not ſo difficult as is imagi- 
— l ned, to cauſe ſuch Sort of Trembling in a Body which 
o put +» . 1 
eme Bodies in 18 every way ſurrounded with a Liquid: Experience ſhows 
Motion,which Us this in a large Anvil, (which doubtleſs is one of thoſe 
Smet. Bodies which are not apt to be put in Motion; ) for we 
| ſee it trembles upon the leaſt Blow given it by the Ham- 
mer; and we may obſerve, that if a few Grains of Mil- 
let be put upon it, and it be ſtruck on the Side with a 
moderate Key; according as the Sound is more or leſs, 
the Grains of Millet will jump higher or lower, and 
change their Place on the Anvil. ow it could not 
cauſe this Motion in the Grains, if it was not moved 
+168 | 
9. That 9. And to ſhow that Sound confiſts in a particular Sort 
Sound conſiſts of Motion, we need only conſider, that it is always pro- 
i 4a certain . . . 

fort of Mori- 1 when we ſtrike our Fingers over the Strings of a 
on oh, | Lute, or when we ſtrike againſt any hard Body. Now 
oy rs the ng of a Lute, or to ſtrike any hard Bo- 
dy, is nothing elſe but to move the-String out of its 
Place, or to put the Body in Motion. And it is very 
abſurd to think, as the Ariſtoteliaus do, that the Conſti- 
tution of them is altered, and that. we make them to ac- 
quire ſome Heat or Cold, ſome Dryneſs or Moiſture which 


. had not before. 


I. Ie only act 4 Body.) The | ſounding Body, and therefore more 
Motion which & p< Air before | eaſily yielding to it than if they 
it is moved by the Sonnding Body, | were at reſt ; juſt ſo many ought 
ountributes nothing at all towards | we always to think are moved the 
* For as many Par- contrary way, and for that Reaſon 


cles of Air as there are, tending the | reſiſt the Body in Motion more than 
une way as they are impelled by the gated 
| | 10. 
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10. And this is confirmed from hence, that if the Ear 10. 4 Proof 
— 


be tickled in the inſide ſo as to make any Impreſſion up- 
on what 1 the Phyſicians call the audirory Nerves, we find 
a certain Tingling. Whence it is evident, that it is the 


' fame with the Senſation of Sound as with that of Pain; 


and both the one and the other fhows, that by the A 
pointment of the Author of Nature we are made ſo, 
that when certain Nerves are moved, after a particular 
Manner, we ſhould have a particular Senſation. 


11. I can't omit here an Experiment which is often 11. Another 


made uſe of to divert Children, and which wonderfull 
confirms this Opinion. They put a long Thread thro 
a pair of Tongs, and wind each End of the Thread 
about their Fore-fingers, and then ſtop both Ears with 
thoſe Fingers; then moving their Bodies backward and 
forward, they toſs the Tongs in the Air, and hit them 
againſt the Andirons, or any other hard Body. Now 
though thoſe that ſtand by, hear but a moderate Sound, 
the. other hear a Sound as loud as that of a large 
Church-Bell. It is impoſſible to ſolve this any other way 


but by faying, that the Motion of the Tongs ſhakes the | 


String, which gives its Impreſſion to the Fingers, and theſe 
— Ports of the Ear, to which they are applied, and 
by this Means the Nerves of the Organ of the Ear are al- 


ſo moved. 
12. Being aſſured that Sound conſiſts only in ſome Sort 


185 


La. A Miſe 


of Motion, all that remains, is to determine what Sort of "he of Ari- 


ſtotle's 
Motion that is: And here I cannot agree with Ariſtotle, tui a 


who would have Sound to be the Motion of a Body that Send. 


is hard, poliſhed and concave; for it is certain, that there 
are a great many ſounding Bodies which theſe ities 
do not belong to, and alſo, that there are none of them 
in Gunpowder when it takes Fire in a Cannon, which 
yet makes ſuch a prodigious Noile. \ 


13. Some perhaps, out of Zeal to this Philoſopher, ma & A 
faying, that if thoſe Fame dine 
Qualities required by him in a ſounding Body, are not Followers. 
to 


be in the kindled Powder, nor in the Air £4 4 4 ar 


attempt to-defend his Opinion, - by 


rum 


which is ſhaken; yet they are in the Cannon, upon ans. 


which he would make the Whole of the Sound to depend. 
But without amuſing one's ſelf to find out Reaſons 


to confute this Opinion; it ſhall ſuffice to alledge the Ex- 


(my of what the Chymiſts call Aurum Fulminans. 
hat they call ſo, is only a Compoſition of three Parts 


I. The Phyſicians call the anditory | Hearing and its Deſcription, See Re- 
g#s Phyſ. Book VIII. Part — 


Nerves) Concerning the Organ of 


of Salt-Petre, two of Flowers of Sulphur, and one of 
Salt of Tartar, beaten ſeparately in a Mortar, and then 
mixed together. We muſt rake about as much of this 
Mixture as we do of Gun-powder to prime a Musket, 
and lay it upon an Iron-Plate, or a flat Tile, and put it 
upon a Chatingdiſh of Fire ; then the Powder will grow 
hot gradually, and be at once : turned into a Flame, 
which dilating it ſelf ww 33 a Sound almoſt 
as loud as the Report of a ket well charged. In 
this Experiment, the Iron Plate or the Tile, ſerves only 
to hinder the Powder from taking Fire, till it is equally 
heated all over; and ſince the Sound depends upon the 
Flame and the Air, which are neither hard, nor poliſhed, 
nor concave, without doubt this Opinion of Ariſtotiꝰs 
cannot be ſupported. 

14. That 14. We chooſe rather to fay, that Sound conſiſts in 
Send e particular Sort of Motion of Bodies, than to ſay with A. 
=- — ſtorle, that it conſiſts in the Motion of a particular Sort of 
Morin. Bodies. For a more diſtinct Explication whereof, we may 

obſerve, that the Bodies which we call ſounding Bodies, 
are not applied immediately to our Ears, in order to ex- 
cite the — of Sound, but for the moſt part act by 
the Interpoſition of the Air which they put in Motion; 
wherefore we ought to find out what the Motions of 
each of theſe are, when they produce this Senſation in 
us. 
15. That this 15. There are ſome Inſtances in which it is eaſier to 
Metionmay find out the Manner in which the ſounding Body is moved; 
oe We. end, and there are others in which it is eaſier to find our the 
5ng Body, ans Motion of the Air. The former of theſe we will firſt 
in the Medi- explain as far as we are able, viz. the Manner in which 
— ſounding Bodies are moved. 
16.What tt, 16. And to begin with he Lute, or any ſuch kind of 
Sound of the Inſtrument that is plaid upon with the Fingers, it is to 
4:ring e + be obſerved, that the Strings being ſtretched, are as ſtreight 
Pe e 25 is poſſible, and that in playing upon them they are put 
out of their Poſition, and bent a little by the Fingers; 
but as ſoon as they are let go, they return again to the 
Place out of which they are moved, and the Velocity 
which they acquire in returning, makes them go a little 
beyond it; then they come back, and go a little beyond the 
Place of Reſt again; and thus they go and come ſeveral 
times, or have ſeveral Vibrations, and in this trembling 
Motion conliſts their Sound. 
I. Turned into a Flame) See this | on Part III. Chap. ix. Art. 13. 
Phænomenon explained in the Notes 
17. The 


e 


SSO Ser. 


TSS POT 


. © 5 


,- 


1 
f 
N 
8 
5 
t 
V 
5 
t 
1 
/ 
4 
© 
s 
$ 


GW... 2 6 as 


ww nwe W 4 


mw CE 0 wh” ww 


vv wo  & Of vo OX 7 ww on 


Chap- 26. of NaTURAL PHiLosoPHY. 187 


17. The Sound of the Strings of a Violin conſiſts in 17. What he 
the Agitation they are 2 into by the moving of the gg f — 
Hair of the Bow over which is made rough and Lind cos- 
agged almoſt like a Saw, by being rubbed with Roſin. Ae in. 

ich is ſo true, that if the Hair of the Bow be rub- 
bed with Tallow or Oil, the Strings will have no 
Sound, becauſe they flip under it, and are not ſhaked by 


it. 

18. The Sound which a Drinking-Glaſs makes when 18. 113... <5, 
the Finger — . upon it moves round the upper Sownd of a 
Edge of it, conſiſts in the Vibrations like thoſe of the 2 
Strings of a Violin, it being evident, that the Finger here . 
ſupplies the Place of a Bow. 

19. The Sound of a Bell conſiſts in a Trembling, pretty 19. 
much like that of the String of a Lute : For it is certain, **; Send ef 
that the Blow given it by the Clapper alters its Figure a jg is. 
little, ſo that from being round, it becomes oval: And 
becauſe it is made of Metal very ſtiff and ſpringy, that 
Part which is moſt diſtant from the Center, returns to- 
wards it, and ſomewhat nearer than it was at firſt, ſo 
that the Places which were at the Extremities of the 

r Diameter, are at the Extremities of the ſhorter one; 

and thus the Circumference of the Bell changes its Figure 
by Turns, all the time it is ſounding. 

20. It will be very eaſy for any one to believe what is 20. 4 Prop 
now ſaid, if he obſerves, that in laying his Hand upon a uc Trem- 
large Bell juſt when the Clapper ſtrikes againſt it, he will © 
feel a manifeſt Numneſs. 

21. If the Bell be very ſmall, as the Trembling is eaſi- 21. 7 
ly ſtopt by putting our Hand to it, ſo ought the Sound 5/7" Bel 
to ceaſe allo. And indeed there are very ſmall Bells, which a ,, 
if they be but very 125 ſtruck, will ſound for a long time; nua. 
but if we lay our Hand upon them as ſoon as they are 
{truck, their Sound will immediately ceaſe. | 

22. But the Sound of a great Bell is nor fo eaſily ſtopped: 22. y the 
by laying our Hand upon it, becauſe it has more Motion, wind 
and becauſe it can transfer ſuch a ſmall Part of its 27 foeafiy 
24 to the Hand, and reſerve enough to make it be fee. 

: 

23. The Sound raiſed by ſtriking a Piece of Wood, or 23.77 4 
in general, any hard ſounding: Body, conſiſts in a Trem- B. {nds 


when it is 


bling, like that of a Bel, which is owing to its Spring- fact. 


ginels. N 
24. Wherefore Bodies which have not this Property of 24. 
Springineſs have only a very low and imperfect _— Lore atk 


t 
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And this is the Reaſon why Lead and Clay, when 
ſtruck againſt, have ſcarce any Sound. AY 


25-YVtat 25. After what has been ſaid, it will not be very dif. 


fri 2-677; ficult to determine what ſort of Motion it is in the Ar 


it is in which Which produces in us the Senſation of Sound; for it i; 


Sownd con 
Als. 


a Stick backwards and forwards in it very quick; for 


evident, that 1 this Motion of the Air muſt neceſſarily 
be ſuch, as the Trembling of the Sounding Bodies is ca. 

ble of producing in it; that is, the Air ought to trem- 

le, and bubble, and alſo by riſing and falling, to divide 
it ſelf into an infinite number of very ſmall Particles, 
which by trembling and ftriking againſt one another, 
muſt have a very quick Motion; fo that the Air muſt 
be ſomething like a Liquor that fimpers and does not 
quite boil. is is confirmed by what we ſee of a Mo- 
tion very like this in a large Tub of Water, by -moving 


this Motion of the Stick is very like that of the String; 
— a Lute, only theſe are much larger and the other 


26. A viſible 26. We may be certain of this Motion or Trembling of 
Demenſtrati- the Air; if we conſider that the ſounding Body ought to 


en of this 
S7otion, 


impreſs the fame fort of Motion upon it, that it does 
_ other Liquors. Thus, if a Glaſs be half full of 

ater, and we make it ſound in the Manner before- 
mentioned, by moving our Finger along the upper Edge 
of it; it muſt without doubt ſhake the Air as it does 
the Water; 2 now we ſee the Water tremble and boil, 
and alſo by jumping out batter and break it ſelf in 
ſuch a manner, that a great many ſmall Drops fly a 
good way out of the Glaſs. Whence we muſt con- 
clude, that the Air has the fame Sort of Trembling or 


Boiling. 


1. This Motion of the Air) For | of the Air, do theſe, being agitated 
the Parts of the ſounding wy go- | with the fame Sort of Tremblings, 
ing and coming by Turns, thruſt and | agitate thoſe Parts that are next 
drive forward as they go thoſe | them; and theſe in like manner 4 
Parts of the Air which are next | gitate thoſe beyond them, Cc. This 


| them, and by preſſing upon them, | being allowed, the manner how the 


condenſe them; then by returning, | "Pulſes are propagated along, and all 
they permit the Parts thus compreſ- | the other Phænomena of Sounds, are 
fed, to ſpread and dilate themſelves | very advantageouſly explained. See 
again, Thoſe Parts of the Air there- | Newt. Philoſoyh. Princip. Mathemat. 
fore which are next to the ſounding | Book II. Prop. 43, &c. 

Body, go and come by Turns agree- 2. Now we ſee the V Vater tremble) 
ably to the tremulous Agitation of | You may ſee a Caſe of this Experi- 


the Parts of the ſounding Body ; | ment very well worth obſerving in 


and in the ſame manner as the | the Notes on the 45th Art. of this 
Parts of that Body agitate theſe Parts | Chapter. 
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27. After having ſufficiently ſhown the Motion of the 27. PVikews 
Air, which is neceſſary to make us hear any Sound: It % 4 
is eaſy to conceive that the Air in paſſing by ſome hard which i; 
and immoveable Bodies, may move it ſelf ſometimes in 77-4 bew- 
ſuch a manner. Thus, when we whiſtle, by blowing 7 of 4 
into the Hollow of 4 Key, it ha „that the Air which N. 
enters in, fills one half of the Hole, and the Air which 
comes out fills the other half; and theſe two Parcels of 
Air fliding by one another with contrary Motions; a 
great many of their Parts muſt neceſſarily be made to 
turn round and to tremble, and the whole Air which 
is betwixt him that whiſtles and him that hears muſt al- 
ſo be made to turn round and to tremble. 

28. We may obſerve here, that there are Bodies, which 28. How che 
are opened by Fits to let the Air through, and which — = 
by this means cauſe us to hear a particular Sound, which 2aypipe is 
is alſo a very conſiderable one. Of this Sort are the e. 
Rows of Pipes which compoſe an Organ, or the. fihgle 

Pipe of a Bag-pipe. Theſe Bodies themſelves are not mo- 

ved in order to produce Sound ; but the Air being firſt 

put into Motion, endeavours 2 through them, but is | 
forced to go out trembling, and fo impreſſes on the reſt 

of the Air the ſame Sort of Tremblings as the Strings of a 

Violin do, and ſo cauſes us to hear a Harmony, the Mo- 

tions of which are Trembling. 

29. And in the fame manner is the Voice of Animals 29. How the 
formed : For there is a ſmall Valve at the End of the — age 
Trachea, which performs the Office of the Valves of the mea. 
Tubes which compoſe an Organ; which Valve we can 
contract as we pleaſe, and let the Air out of the Lungs 
by Fits. And becauſe this Valve for the moſt part conti- 
nues open, therefore the Airin Reſpiration comes out com- 
monly without any trembling, and conſequently without 

ing any Noiſe. | 

3o. It would be too tedious to explain particularly all 30.77% 4 
the different Manners in which Sound is produced. But d Nfg aa 
becauſe there is ſomething ſingular in the d of a Can- it is 4% 
non when it is diſcharges, becauſe the Flame ſeems to <*9:24<-. 
pvc but one and not a repeated Shake to the Air, there- 

it may be worth while to explain how ſuch a prodi- 
pious Noiſe is made. It is to be obſerved then, that the 

8 when it takes Fire, 1 is ſo extraordinarily 
dilated, as to take up above a Thouſand times the Space 


t. Is ſo extraordinarily dilated) | on, See the Notes en Part. III. 
For the trys Reaſon of this Dilatati- 1 Chap. 9. Art. 13. * 
p | t 
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that it did before; ſo that it drives before it every Way 
all the Parts of the groſſer Air which was in this Space, 
and theſe Parts can find no where to go, but by preſſing 
upon other Parts, and driving them on likewiſe; and at 
the ſame time they ſqueeze out the ſubtile Matter which 
mixing with the Powder, compoſe that ſenſible Maſs 
which we call Flame. Hence it follows, that there is in 
the Air two contrary Motions ; the one of which gathers 
together and unites the moſt ſubtile Parts, and the other 
diſperſes the groſſer ones. And this would be done in a 
Moment, but that the groſſer Air which is condenſed all 
round, has a Tendency to return into that Place out 
of which it was driven, and towards which, after the Vio- 
lence of the Flame is over, its own Weight forces it, and 
that with ſuch an Impetus, that it becomes more denſe 
than it ordinarily is; whence it will be reflected again all 
round, or condenſed anew ; becauſe being — again, 
it returns to the Place which it had quitted; and thus it 
quits and takes again the ſame Place ſeveral times ſuc- 
ceſſively; and this is the Reaſon of that ſhort Continuance 
of the Noiſe of a Cannon when it is diſcharged. 
11. That che 31. However it is to be obſerved, that the Ear may 
Senſation ſometimes be ſo ſtrongly moved, that it may continue to 
continues in- tremble ſome ſhort time after the Air has done trem- 
ger ſometimes bling; and for this Reaſon, the Senſation of Sound 
5»an the may ſometimes continue after the Agitation without is 
Sound it ſelf. —_— 


32: iy the, 32. Becauſe the trembling Motion of the Air in which 
—_— Sound conſiſts, is communicated gradually, ſo that it 
ſeen before the affects thoſe Parts which are near the ſounding my 
bn | ſooner than thoſe that are further off, the Sound m 
neceſſarily take up ſome time in going along: And ſo we 
find by Experience, that if a Cannon be diſcharged at two 
or three Miles diſtance from us, we ſee the Flaſh ſome time 
before we hear the Noiſe. ; 
23 PVhyele 33. And becauſe the Motion which is impreſſed by 
—— the ſounding Body upon the Air cloſe by it, is tranſ- 
— are _ from one — of BAT to another ſucceſſively, 
rf ways paſſes from a leſs Quantity to a er, in 
> — 0 to its Diſtance from —4 ale” wo fb 
therefore near the ſounding Body, there muſt always 
be more Motion in a given Quantity of Air, than there 
is at a greater Diſtance; ſo that the Sound ought to grow 
weaker as it is further from the ſounding Body. 


34. The 
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| 34. The Propagation of Sound may very well be 1 com- 


with Circles made in the Water, by throwing a 2 
tone into it. And as thoſe which are made in a running Y Ying, angle 
Stream, extend themſelves further towards the lower than . 
towards the upper Part of the River, becauſe the he — 
whole Water in which they are formed carries them in- ie. 


tire that Way: So likewiſe may we conceive, that if the 
Wind carries the Air towards one certain Place, the trem- 
bling Motion in which Sound conſiſts, will ſooner go this 
Way than the contrary. Thus we find by Experience, 
that we hear the Sound of a Cannon, and in general all 
other Sounds, 2 ſooner with the Wind than againſt it. And 


it may happen, that the Air may be moved ſo quick, that 


its Parts may flee from us as faſt as the Sound goes, and 


ſo we may not hear it at all. 


35. Becauſe Sound is propagated every Way, as it were 


from the Center to the Superfi 
ſo happen, that the Parts of the Air which would com- 
municate their Motion to ſuch as are at a 


cies of a Sphere, it may 


may meet ſome hard Body which they cannot ſhake; 
nd this may cauſe them ſome Way to be reflected back 
again, and make them communicate their Motion again to 
thoſe Parts from which they received it, and theſe to others; 
ſo that there will be a new Trembling of the Air inſtead 


of that which 


n firſt, and hath already ceaſed for 


ſome Time : Conſequently we may hear again the ſame 


Sound which we heard at firſt ; this 


is what we call an Echo. 


36. If the Sound meets with ſeveral Bodies at different 


bled Sound 


Diſtances, which are capable of reflecting it back agai 


1. Compared with Circles made in 
the V Vater) If the Water be put in 
Motion, by throwing in a Stone, 
or by moving our Finger or a Stick 
backward and forward in it, the 
Waves will immediately ſurround 
our Finger; and if during the Agi- 
tation it be carried ſtreight forward 
towards any Part without bending, 
yet theſe Waves, as if they were 
concentrick Circles, will be equally 
Propagated every Way ; which Com- 
pariſon does very properly ſhow us, 
that the tremulous Motion of the 
Air ought to be propagated not on- 
ly the ſame way that every one of 


Particles of the ſounding Body, | 


6 — 
again; peat V Vords 
if that which returns from the moſt diſtant Place ſtrikes poten ſevera! 


upon the Ear, after the Impreſſion of the former is * 


ſuch as the Strings of a Violin, are 
agitated ; but alſo to be prop 
in a Circle all Ways from the ſound- 
ing Body as the common Center. 
2. Sooner with the VVind than a- 
gainſt it) The Gentlemen at Florence 
thought they had found by cerrain 
Experiments, that Sound 1s propa- 
gated with the ſame Celerity againſt 
the Wind, as with it, though much 
more faint. Exper. Acad. del Ci- 
mento, p. 140. But the induſtrious 
Mr. Derham found it otherwiſe in 
Experiments made at a much greater 
diſtance. See the Philoſophical Tranſ- 
actions, Numb. 313. 


quite 


greater Diſtance, 
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ite gone off, it muſt in its Turn uce a new 
— of Sound. Whence it is Rp, gona we may 
meet with Echos which repeat the ſame Word fevers 
times over. | | 
37-YVhy he 37. According to the Inclination with which the Air 
which ſpeaks, ſtrikes upon the Bodies which reflect the Sound, ought the 
ways hear the Reflection to be on the one Side or on the other, which 
Sound of the is the Reaſon why there are ſome Echos where he who 
ſpeaks does not hear the Words that are repeated, when 
others who are at ſome Diſtance from him can hear them 
repeated —_— | | 

38. /YVhat 38. As to the Difference of Sounds that we meet with, 
dect e which conſtitutes the different Species of them, as Flats 

conſip and Sharps; the muſical Inſtruments ſufficiently ſhow us, 
in. that they conſiſt in the different Motion both of the 
| ing Body, and of the Air which is agitated by it. 
For the more the Strings of a Lute are ſtrained, the 
ſharper the Sound is; and on the contrary, the /ooſer the 
Strings are, the more flat is the Sound. Now it is cer- 
fain, that the more a String is ſtretched, the ſwifter and 
more frequent is the Motion which it impreſſes on the Air: 
whence it follows, that a ſharp Sound conſiſts in the 
ickneſs and in the ſudden Reiteration of the Motion upon 
2 and a flat Soumd conſiſts in the 
Sloume J. 8 | | 

39: How ſe- 39. When two ſounding Bodies ſtrike upon the Air at 
vera Sends the fame time, they muſt impreſs ſuch a Motion upon it, 
rogother. as is compounded of the two Motions which would be 

cauſed, if they ated upon it ſeparately ; and conſequently 
the Air ought to put the Organ of Hearing into ſuch 2 
Sort of trembling Motion, as may raiſe a Senſation com- 
poſed of each of the Senſations which the Bodies would 
raiſe ſeparately. 

40. ya: 40. And if the Motions of theſe two ſounding Bodies 
Concords ca- do ſo exactly agree, that the Tremblings which they cauſe 
An. inthe Air in a given Time are commenſurable, that is, 

. —— time 1 rag Air, the other 
| ſtrikes it allo, or at that ike together every 
ſecand or third Stroke ; then wt Ear will be ſo uniform- 
ſtruck upon, and in ſuch meaſure, that it will perceive 
e Diſtance, and be pleaſed with the Cadence; and in 
the Strokes being thus commenſurable very probably con- 
fiſts thoſe Concord which Muſicians call an Uniſon and Octave, 

4 Fifth and a Third. | 
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41. On the contrary, if the Tremblings impreſſed on 41. 1 
he Air by the — Bodies be — that — 
is, if they do not agree in Time nor ſtrike together; we 

muſt perceive the Inequaliry of the Sound ; and becauſe 

they do not move the Ear uniformly, they cannot pro- 

duce any Harmony ; and in the Strokes being thus in- 
commenſurable, conſiſts very probably the Tozes which 

Muſicians call Dsſcords. | 

42. From what has been ſaid concerning the Motion 42. That the 
impreſſed on the Air by ſounding Bodies, ſome Perſons 4% fe 

rhaps may be apt to think that thoſe impreſſed by the Sr of 4 
dinge of a Lute are not equal, but quicker at firſt, and flow- ttt 4 ner 
er as the Motion ceaſes; but it is not very difficult to ſhow — 1 
that the contrary is true, if we obſerve, that the Motion of the the f,. 
String when it almoſt ceaſes to be agitated, may be made up 
by the Shortneſs of the Way that it has to go: So that it 
takes up neither more nor leſs Time in making its firſt and 
longeſt Vibrations, than it does in making its laſt and ſhorteſt. 

43. There muſt indeed be ſome Pains requiſite to prove 43- 9f ths 
the Truch of this by Experiments : For it is impoſſible to — — ; 
do it by the Strings of a Lute, becauſe of the ſmall Time 
that they take to make ſeveral hundred Vibrations in. But 
becauſe the Motion we are ſpeaking of is very like that 
of a Weight hanging in the Air at the End 11 String, we 
may imagine, that what we obſerve of the Motion of the 
one, may be equally applied to the other: Now we find 
by Experience, that if this Weight be drawn from the 
Perpendicular, and then let go, ſo as it may ſwing freely, 
al the Vibrations till it ceaſes to move at all, will be made 
in the ſame Time. For if we will be at the Trouble to 
count how many Pulſes of the Artery there are in the 
firſt twenty Vibrations, ſuppoſe, we ſhall find as many in the 
twenty following Ones, or in any other Twenty, which 
you will : Now from this ſingle Experiment we may con- 
clude that every Vibration of the String of an Inftrumenr 
is made in the fame Time, and that the Laſt take up no more 
than the Firſt. And becauſe this Experiment is very eaſy 
to make, and is a curious one, and may ſerve as a Prin- 
ciple from whence many important Concluſions in Mu- 


the Pains to obſerve the Motions of theſe Pendulums, and 
to put ſeveral of them in Motion together. For we {Mull 
then ſee, that thoſe which are of an equal Length, and 
alike in every other reſpect, will perform their Vibrati- 
ons in the ſame Time; and that thoſe which are of dif- 
ferent Lengths, requize ** Times, viz, the — 


fick may be drawn; it is worth any one's while to be at | 
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the leſs Time, fo that their Vibrations will be to each 
other 2 in a reciprocal Proportion of the Square Root of 
their Lengths ; and thus what we have faid of the com- 
menſurability of Sounds, and the Concords of Muſick, is 
confirmed. 


1. From hence we may alſo clearly apprehend how 


44+. VVhence 
— = different Sorts of Voices are made, and why the ſame 
ſand Mouth may cauſe by turns a ſharp and a flat Sound. The 


why theVoices Reaſon of which is, that the Epiglorrit which is placed at 
of Children the End of the Pipe through which we breathe, and which 
ſharper than Opens to give a for the Air in orderi to form the 
thoſe of grown Voice, may be lifted up and let down at pleaſure, that 
Xl is, ſo as to be ſometimes to be altogether and from its 
Roots open, or ſhut, and ſometimes in Part only. Now 

that which can be lifted up in ſuch a manner as this, by 

Turns, and as it were with a trembling Motion, to let the 

Air out with the ſame ſort of Motion, reſembles a Pen- 

dulum ; whence it follows, that the Tremblings of the 

Voice muſt be ſo much the quicker, the leſs the Epi- 

glottis which regulates the Motion, is lifted up, and on 

the contrary, they are the {loweſt that can be, when the 

Ac is at liberty to lift it ſelf quite P. Upon this 

exileneſs of the Epiglottis de Fa all the Variety of 

Tones of the ey * — the F . 1 N 

the Lungs being differen itated according to the dit- 

- ferent Pokition of the Epiolottis impreſſes the Motion 

it received as it came out, upon the external Air, which 

ſtriking the Ear differently is the Cauſe of all that Diver- 

ſity which we obſerve in Sounds. And becauſe Children 

have generally all the Parts of their Bodies proportioned 


1. In aveciprocal Proportion) Here | Polygons, and that they are in the 
the Number of Vibrations in a given | ſame Poſition with reſpe& to the 


Time are compared with each ether. | Earth; then it is evident, that the 


Bur it the Times of the Vibrations 
be compared together (which is the 
better Way) then we muſt ſay, that 
the Vibrations are to each other, as 
the ſquare Roots of their Lengths 
dire). As may be thus demon- 
ſtrated. We ſuppoſe that the Ac- 
celeration of heavy Bodies in falling 
is ſuch, that the Spaces they run 
through, are as the Squares of their 
Times — ſhall be demonſtra- 
ted in 1ts proper Place. See the 
Notes on Part II. Chap. xxviii. Art. 
16.) then if we ĩmagine ſimilar Arcs 
of unequal Circles to conſiſt of an 


infinite Number of Sides of ſumilar 


Square Roots of the Arches, or of 
the Spaces run through, and for the 
ſame Reaſon, their ius's or the 
Length of the Strings, will repre- 
ſent the Times of the Deſcent of 
Pendulums, and becauſe the impetus 
or Velocity in aſcending, is evident- 
ly deſtroyed equally in the fame 
manner, and in the ſame time as it 
was acquired in deſcending ; there- 
fore the whole Vibrations of theſe 
Bodies muſt neceſſarily have the ſame 
Proportion to each other, as the 
Square Roots of the Lengths of the 
Strings. See the Notes on Part II. 
Chap. xxvili. Art. 16. 


to 
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than in grown Perſons, 2 Voice is generally 


195 


45- And altogether as eaſy is it to account for an Expe- 45. The Rea- 


riment which at firſt Sight has ſurprized a great many 
Perſons; which is, that if two Strings of the ſame Lute, 


ſon of the 


Sympathy of 
Strings that 


or of different Lutes that are near one another, be Unj- «re Concordse 


ſons, we cannot move the one, 1 but the other will ſound 
alſo, at leaſt it will tremble ; whereas it will not tremble 
at all, if we move any other String near it, which is not 
a Concord. Now the Reaſon of this Experiment is, that 
the Strings which are Concord, are capable of the ſame 
Vibrations ; ſo that the Air which is put in Motion by 
the one, can very conveniently communicate its Vibra- 
tions to the other ; which cannot be in two Strings that 
are not Uniſons ; for there is no Agreement in them, be- 
cauſe the Air which is put in Motion by the one, 
does not find the other at all diſpoſed to receive its 
Motion, and every Stroke except the Firſt, is out of 
1 ſo that by not agreeing they deſtroy each other's 

otion. 

\ This Experiment has raiſed the Admiration of ma- 
ny Perſons for a long time, and ſome have undertaken to 
account for it, by ſaying, that there is a Sympathy be- 


tween the two Strings; bur, beſide that this is only a W 


of ſpeaking, we may obſerve, that the Diſpoſition whic 
a Body has to bin, when the Air is ſhaken by another 
Body, 2 is to be found in other Things as well as in the 
Strings of a Lute, or other Mufical Inſtrument: This I 
have experienced in the late Wars, when I have obſer- 
ved the Glaſs-Windows to tremble very ſenſibly upon 
the beating of a certain Drum, and at the ſame time would 
not tremble at all upon the beating of others which were 
much louder. 


1. But the other will ſound alſo)'] fick Man that had his Left Hand 
So likewiſe if two Glaſſes, by put- | cut off; upon the diſcharging of 
ting in a proper Quantity of Wa- Cannons, he thought himſelf almoſt 
ter, be made Uniſons ; & reſſing | ſhattered and torn ito pieces; and 
our Finger hard upon the Edge and | of another, that upon ſcraping a 
moving it round either of them, | piece of Iron with a Knite, he 
will make the Water in the other | could not hold his Water; and of 
curl, and dance about. a Third, that upon tearing thick 

2. 1s to be found in other Things) | 
Thus Mr, Boy/e relates concerning a 


his Effet of languid Motion. 


O2 47 To 


46. The ſams 
Sympathy is 

to be formd in 
other Bodies. 


Paper his Gums would bleed. Ses 


a 
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47- What is 47. To theſe Sort of Motions, I conceive we may aſ- 
- _— cribe the Cauſe of a certain Shivering, which we ſome. 
ing which we times feel all over our Body, and which reaches even to 
feel yn our very Heart, when we hear the Sound of a Trum- 
_ mer. pet, or ſuch kind of Inſtrument; For it may be that the 

ood is fo diſpoſed, as to yield eaſily to trembling 

= of the Air. 

48. How we 48. And becauſe the Membrane of the Ear, which is 
do re — moved by the age of the external Air, and the dif- 
—_ 9 ferent ſhaking of which cauſes different Motions in the 
70 herr Capillaments of the Nerves of the Ear, is ſomething 
Sounds di- like the Parchment of a Drum (and is therefore by ſome 


findy. called the Drum of the Ear) I am of Opinion, that it is 


capable of being more or leſs ſhaked, according as it is 
more or leſs ſtretched. Wherefore I can eaſily perſuade 
my ſelf, that we ſometimes ſtretch or looſen it, in or- 
der to receive the Impreſſion of the Sound more ſenſi- 
bly, and to make it the better agree with the Motion of 
the external Air: ſo that Attention conſiſts in nothing elſe 
but in a due ſtretching or looſening this Membrane ; and 
keeping it in that Poſition in which it will beſt receive 
he lmpreſicn and Motion which the Sound gives to the 
external Air. 


n 
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C HAP. XXVII. 


Of Light and Colomre, and ef Tranſparency, and 


Opakeneſ 


1. The firſt T. in any Thing Exactneſs be required in the Meaning 
ee, I of Words, in order not to be ſurprized by any Equi- 
£76: 1485. vocation, it is principally in this of Light and Colours, 
which are commonly uſed to ſignify very different Things, 
and generally confounded by moſt Men. Firſt then it is 

to be obſerved; that as we have given the Name Pain to 

the Senſation, which is raiſed in us by a Needle when is 

pricks us; fo likewiſe have we given the Name Light to 

that Senſation which we have, upon looking on the Sun 

or a Flame, and that of Colour to the tion raiſed in 

us by diverſe Objects which we call coloured; thus in 
particular, we give the Names of a White Colour and a 
Green"Colour to the Senſations which Snow or Graſs uſu- 


ſuall uce in us. 
* 9 0 2. Se- 
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2. Secondly, By theſe Words Light and Colbur, we 2. Another 
alſo underſtand, that on the Parr of the external Ob- 7 d 
jets which is the Cauſe of exciting in us the forementi- and Color. 
oned Senſations: Thus by the Light of the Flame, we 
meah ſomething, I know not what, which occaſions the 
Senſation of Lyght to be excited in us; and by the Vhite- 
neſt of the Snow, we underſtand ſome other Thing, I 
know not what, that is the Occaſion of our having the 
Senſation of Whiteneſs. 

3. And becauſe the Objects which we call luminous, 3. A third 
ſuch as the Sun or a Flame, do not affect our Eyes im- % of che 
mediately, but act by the Interpoſition of ſome interveen- "© 
ing Bodies, ſuch as Air or Water or Glaſs; yet that which 
is impreſſed on theſe Mediums, whatever it be, is called 
Light alſo, but Secondary or Derivative, to diſtinguiſh it 
from that which is in the luminous Objects which is cal- 
led original or innate. 


4 We call thoſe Bodies Tranſparent, t which 4.7% An- 
luminous Bodies act upon our Eyes to raiſe the Senſa- , Bang 


tion of Light, and through which we can alſo ſee Co- parent and 
lours. And we call thoſe Bodies Opate which interrupt Oe. 
the Action of luminous or coloured Bodies, or through 

which we cannot ſce either Light or Colours. 

5. I do not pretend to declare what Light and Colours- 5.That the 
are in the firſt Senſe of the Words, but leave it to eve- , ” 
ry one to make them clear to himſelf by his own Expe- tour came be 
rience ; for I think it as impoſſible to give another Per- 4«{ribed. 
ſon a true Notion of that particular Senſation that we 
have of Colours, as it is to give it to one that is born 


6. However, I may venture to affirm, that as it of- 6. That one 
ten ha that the ſame Food may at the ſame time — Fay rf] 
raiſe . — Taſtes in two different Perſons, ſo it may dies nec ne- 
alſo happen, that two Perſons looking in the ſame man- ri re 
ner upon the ſame Object, may have very different Sen- ; of ang — 
fations; and I am the more perſwaded of this, becauſe 4ferent Per- 
I have experienced it in a particular manner my ſelt. 

For when I had once quite tired and weakned my right 
Eye by looking in rently for above twelve Hours t 
ther through a perſpective Glaſs on a Battle betwixt two 
Armies, within a League of me; I found my Sight fo 
afſeted afterwards, that when I looked upon Yellow Ob- 
jets with my right Eye, they did not appear to me as 
they uſed to do, nor as they now do to my left Eye : 
And, which is very remarkable, I do not find the fame 
Difference in all Colours but only ig ſome ; as for in- 
O3 ſtance 
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| ſtance in Green, which appears to me to come near to 
a Blue, when I look on it with my right Eye. This Ex. 
perience makes me believe, that there may be ſome Men 
m with that Diſpolition, which I at preſent have in 
one of my Eyes, and which may continue all their 
Lives, and perhaps there are others whoſe Eyes are of 
the farne Diſpoſition with my other Eye. However, it 
is impoſſible, either for themſelves or any other Perſons 
to perceive it, becauſe every Body accuſtom thermſelves 
to call the Senſation which a certain Object produces 
in him, by that Name which it uſually goes by ; which 
yet being common to the different Senſations that every 
one may poſſibly have, is not the leſs ambiguous. 
7. Ariſtotle's 7. Before I come to that Enquiry which I deſign, viz. 
Opinion + what Light is, and what the Car of Objects is, which 
were. is the principal Deſign of this Diſcourſe; I obſerve, that 
\ Ariſtotle has treated of the ſame Subject, in the 5th 
Chapter of his Second Book Concerning the Soul; where, 
\ after having ſaid, that Colours depend upon Light in order 
to their being ſeen, he concludes, that theſe two Qua- 
lities ought to be explained together. And in order to 
determine what Light is, he ſuppoſes that ſome Bodies are 
tranſparent, ſuch as Air, Water, Ice, Glaſs, and ſuch like. 
And becauſe we cannot ſee through any of theſe Bodies in 
the Night, he fays, that then they are in Power only tranſ- 
parent, and that in the Day- time they become attually 
tranſparent : And becauſe it is Light alone that can bring 
this Power into Act, he concludes, that Light is the Att 
of a tranſparent Body as tranſparent. 
4. His Ob- 8. As to Colour, he obſerves, that fince the Ob- 
mow t ject in which it is, does not apply it ſelf immediately to 
8 Eyes, in order to raiſe any Senſation in us, it muſt 
firſt move the Medium which is betwixt that and us; and 
becauſe it cannot be perceived through Opake Bodies, 
Nor can it be ſeen through thoſe that are only tranſpa- 
rent in Power, he concludes, that Colour is that which 
moves Bodies which are actually tranſparent. 

9. That he 9. Though Ariſtotle in the forecited Chapter, has not 
— - /*##- ſearched this Matter to the Bottom, = he affirms, that 
plained wha; he has ſufficiently explained what Light, and Colour, and 
Light and Tranſparency are, and imploys almoſt all the remaining 
Colorrs are. Part of his Diſcourſe, in — Opinions of ſome 

Philoſophers that were before him. However he adds, 
that Light is not Fire, nor a Body proceeding from a 
Luminous Body, and paſſing through a tranſparent one ; 
put only the Preſence of Fire, or any other luminous =_ 
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with the tranſparent Body. But upon conlidering this O- 

inion, I ſee no reaſon to be ſatisfied with it, as if 
it could not be carried any furcher than Ariſtotle has 
done, or at leaſt, that it cannot be more diſtinctly ex- 
plained. For it is certain, we are till at a loſs to find 
our more particularly what the Nature of tranſparent 
Bodies, and alſo what the Nature of luminous Bodies IS, 
and further how the Preſence of the Latter operates on 
the other, to bring its Power into Ad, and laſt of all, 
what that is which moves a Body that is actually tranſ- 
parent 


have acknowledged ; and though they might have had 
ſome Light from what he has 
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10. This ſome of the Commentators upon Ariſtotle 10. What the 
pinion of 
＋ + R his Follo 

d in his Problems, and ;: — 


particularly from 1 the 61ſt of the Eleventh Section, yet Light and 
they have either overlook'd what he has faid in this. 


Place, or at leaſt not rightly underſtanding him, they 
have advanced ſomething which it does not appear that 
Ariſtotle ever thought. of, viz. that Light and Colours in 
the Objects which we call luminous or coloured, are 
Qualities exactly like thoſe Senſations which they occa- 
ſion in us, and (as ſome of them contend) they ariſe 
alſo from a Mixture of Hot and Cold, of Dry and 
Moiſt. And for Proof of this (beſides their thinking, 
that they have Arſtotle on their Side) they affirm, that 
it — be impoſſible for luminous or coloured Bodies 
to cauſe thoſe Senſations in us which we feel, if there 
were not in them ſomething very like what they cauſe 
us to feel, for, ſay they, nothing can give what it has 
not , 


tively concerning what they have advanced, Authority 


only. And as to what they alledge, it will appear to be 
only a mere Sophiſm, if we reflect ever ſo little up- 
on the Pain which we feel when we are pricked by a 
Needle; for this ſhows us, that it is not at all impoſſi- 
ble for an Object to be able to excite in us a Senſati- 
on which it ſelf has nothing of. And this is ſtill fur- 
ther confirmed from hence, that two Men may fee the 
ſame Object differently, as was befcre obſerved, I my 
ſelf ſeeing Yellow differently with my two Eyes. 


1. The 61/8 of the Eleventh Section) | much for the Propagation of Light in 
Where, after having propoſed this | ſtreight Lines. See the Notes on the 
Queſtion, Why we cannet foe through | latter Part of the 15 Art. of this 
an Opake Body, He argues very | Chapter, 


O 4 132. But 


IT. But, beſides that Ariſtotle has ſaid nothing poſi- 11. That they 


have not pro- 
, . * ved what th 
\ ſtands for nothing, when we are inquiring after Reaſons a mn. 
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Te. Tait: T2, But that which moſt evidently ſhows, that it is not 
lo erat. at all neceſſary there ſhould be any — between 
the Quality of the Object, and the Senſation it excites, 
is this; chat we certainly have very ſtrong Senſations of 
Red, and Yellow, and Blue, and all other Sorts of Co- 
lours, upon looking through a Triangular Glaſs Priſm, in 
which no one ever ſuſpected that there was any Thing like 
the Senſation which it raiſes in us. 

13-The Ab- 13. That which others of them ſay concerning the O. 
re bas riginal of Colours is ſtill more abſurd. For what Con- 
ſome of tbe nexion is there betwixt the Ideas we have of Hot and 
Ariſtorelians. Cold, Dry and Moiſt, and thoſe which they ſuppoſe us 
to have of Colours: If what they ſay were true, it would 
from hence follow, that the ſame Object ought to have 
as much Variety of Appearances to the Eyes, as it raiſes 
different Senſations to the Touch; which does not agree 
with Experience: On the N 4 there are ſome Bo. 
dies, ſuch as poliſhed Steel, and Lobſters, which when 
heated by the Fire, acquire a certain Colour; but when 
made cold by dipping them in Water, they do not alter 

their Colour. | 
14. A c. 14. Leaving therefore the Opinion of Ariſtotle and 
* of the his Followers concerning Light and Colours, let us now 
Light „ conſider what Part we are to take upon this Subject. And 
that of Pai. Firſt, Since we have no Reaſon to ſay, that the Light of 
luminous Bodies is any Thing elſe but the Power which 
they have to produce in us that very clear and bright Senſa- 
tian which we have when they are before us; Why may 
we not compare this Power with that which a Needle 
has to cauſe Pain in us? Since then the Senſation which 
a Needle raiſes in us ſuppoſes only that we are ſenſitive 
Creatures, and nothing more is required in the Needle but 
its Figure and Hardneſs, which are alone ſufficient to 
cauſe a Diviſion in the Part to which it is applied : So like- 
wile it is reaſonable tc think, that the Senſation of Light de- 
ds upon this, that we are by Nature made capable of 
this Sort of Senſation; and that there is in the Pores of 
tranſparent Bodies, a Matter fine enough to penetrate even 
Glaſs, and yet at the ſame time ſtrong enough to ſhake the 
ſmall Capillaments of the Nerves which are at the Bottom 
of the Eye. Further, as there muſt be ſome Agent to 
puſh the Needle into us, ſo likewiſe muſt we think, that 
this Matter is e. by the luminous Bodies, before it 

* | 


gan make any Impreſſion on the Organ of Light. 
15. Thug 
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this Matter to recede 


of 
Pores of tranſſ t 


in a ſtreight Line. 


1. Original Light---- Secondary or 
derived Light) Original Light con- 
ſits incirely in a particular Motion 
of the Particles of the luminous Bo- 
dy; not whereby they puſh forward 
that fictitious Matter which Cartes 
imagined che Pores of tranſparent 
Bodies to be filled with ; but where- 
by they ſhake off ſome very ſmall 
Particles from the luminous Body, 
which are ſent forth Ld ow . 
2 v Force: econ 
4 Light conſiſts, not in 
the Diſpoſition, but in the real Mo- 
tion of thoſe Particles receding eve- 
ry way from the lyminous Body in 

ight Lines with incredible Swift- 
nefs, For if Light 2 only 
in Preſſ ere, it t to ropaga- 
ted 1 Diſtances in-a —_ 
Time; which it certainly is not (See 
the Notes on Art. 30. below.) And it 
would not be propagated in ſtreight 
Lines, but it would y run 
in upon the Shadow. For Preſſion 
or Motion cannot be propagated in a 
Fluid in right Lines — an Obſta- 
cle, which ſt 4 part of the Motion, 
but will bend and ſpread every Way 
into the quieſcent Medium, which lies 
beyond the Obſtacle. Gravity tends 
downwards, but the Preſſure of Va- 
ter ariſing from Gravity, tends every 
way with equal Focre, and is propa- 
ated as readily, and with as much 

orce ſideways as downwards, and 
through crooked Paſſages as through 
Aa 7 ones. The _ on 75 Fur- 
ace of flagnati, ater, paſſing by 
the ſides of py Boy Obſtacle which 
ſteps part of them, bend afterwards, 
and dilate themſelves gradually into 
the quies Water behind the Obſtacle, 
The Waves, Pnlſes or Vibrations of 
the Air, wherein Sounds conſiſt, bend 
manifeſtly, though not ſo much as the 
Waves of V Vater--- And Sonnds are 
propagated as readily through crooked 
Pipes as through ſtreight ones. But 
Light is never known to follom crook- 
4 Paſſages, nor to bend into the 


| 


* 
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15. Thus 1 Original Light conſiſts in a certain Motion 
15 Parts of luminous Bodies whereby 

of puſhing every Way the ſubtil Matter which fills the 
ies; and the Eſſence of ſecondary 
or dirtved Light conſiſts in the Diſpoſition or Tendency of 

the Center of the luminous 

hence it is ealy to infer, that the 


are Capable 


Form 


Shadow. Newt. Opti . 
Rays of Light Nr Find ts 
ſmall Cor ſent forth from lu- 
minous Bodies with a very great ce- 
lerity. For ſuch ſort of Corpuſcles 
(contrary to the Preſſion of Motion 
propagated in a Fluid) ought to be 
tranſmitted through uniform Medi- 
ums or void Spaces in ſtreight Lines, 
without bending into the Shadow; 
as we ſee the Rays of Light are 
tranſmitted. 

Concerning that Force by which 
theſe Corpuſcles are ſent forth with 
ſuch incredible celerity, that they 
are carried above 7000600 of 
Miles in a Minure (See the Notes on 
Art. 30. below.) the admirable Per- 
fon belore-cited f thus. 7 
Bodies which are of the ſame kind and 
have the ſame Vertue, the ſmaller they 
are, the ſtronger is their attraftive 
Force in Proportion to their Bigneſs. 

See the Notes on xi. Art. 15.) 

Ve find this Force ſtronger in 
portion to their VVeight in * 
Magnets than in larger ones; for the 
Particles of ſmall Magnets, becanſe 
they are nearer one another, can the 
more eaſily unite their Forces together. 
V Vherefore it is reaſonable to expect, 
that the Rays of Light, ſince t 
are the ſmalleſt of all Bodies (that we 
know of) ſhould be fomd to have the 
ſtrongeſt attractive Force of all. How 
ſtrong this Force is, may be gathered 
from the following Rule. The At- 
traction of a Ray of Light, in pro- 
portion to the Quantity of Matter it 
contains, is to the Gravity which any 


prej ected Body has, in proportion to 


the Nnantity of Matter contained in 
it, in a Ratio c ded of the 
Velocity of the Ray of Light, to the 
Velocity of the projected Body, and of 
the Bending or Curvature of the Line 
which the deſcribes in the Place 
of Refraction, to the Bending or Cur- 
vature of the Line which the projet?- 
ed Body deſcribes ; vix. if the Incli- 
nation of the Ray to the refracting Su- 
| Herficies 


* 
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Form of a Tranſparent Body conſiſts 1 in the Streightneſ; 
its Pores, or rather, that they croſs each other all Ways 
without any Interruption, and on the other hand, a Bod 


is opake, 


ficies, be the ſame as that of the pro- 
Jetted Body to the Horizon. And from 
this Proportion I collect, that the At- 
#rattion of the Rays of Light is more 
than 1000000000000000 times 
greater than the Gravity of Bodies on 
he Swuperfictes of the Earth, in pro- 
tion to the quantity of Matter con- 
tained in them; viz. if Light takes 
p about ſeven or eight Minutes in 
coming from the Sun to the Earth---- 
Now, as in Algebra, where affirma- 
tive Quantities vaniſh and ceaſe, there 
Negative ones begin; ſo in Mecha- 
nicks, where Attraction wy ns there 
4 repulſive Vertue ongh: to ſucceed.---- 
Therefore a Ray, as ſoon as it is ſhaken 
off from —_ Body, by the vibrating 
orion of the Pares of the Body, and 
ts beyond the Reach of Attraction, 
Grice away with exceeding great 
elocity. Opticks pag. 370. 
1. In the ae of its Pores) 
Thus Ariſtotle clearly expreſſes him- 
» The Sight will not penetrate 
lid Bodtes, becatiſe it can go only 
through a ſtreight Paſſage (this the 
Rays of Sun are an Evidence of, and 
als our not ſeeing any Objetts but 
what are right before 16) when there- 
fore the direct Progreſs of the Sight is 
Biudred by the Pores net being all 
freight, it cannot paſs through, But 
the Sight will paſs through finid Bo- 
ales, E e the Pores are ſmall and 
fireight ; ſo that it is rer from 
| erefore Glaſs 
s tranſparent though it be very thick ; 
but a piece of Wood is not tranſpa- 
rent, though it be very thin, becauſe 
the Pores ** the former are regular, 
Aud thoſe of th 
does their being large ſignify any thing 
if they be not ftreight ; neither are 
rarer Bodies the more tranſparent, 
unleſi their Pores are ſo diſpoſed as 
to admit of a Paſſage. Prob. 61. Sect. 
11. And indeed that ſtreight Pores, 
or rather ſuch as croſs one another e- 
very way from all Sides, are neceſſary 
to aBody's being tranſparent cannot be 
doubted : But how it can be, that not 
only Glaſs and Diamonds, bur alfo 
Water, whoſe Parts are ſo eaſy to be | 


e latter Irregular. Nor | 


| 


uſe none of its Pores are ſtreight, or if the 
be, they are not penetrable quite through, and all ways, 


16. J 


moved ſhould have its Pores ftreight, 
and eaſy to paſs through from all 
Sides, and all Ways, and yet at the 
ſame time, the thinneſt Paper or even 
Leaf-Gold, for want of ſuch Pores, 
ſhould exclude the Rays of Light; 
is not eaſy to be conceived. Where. 
fore we muſt ſeek for another Cauſe 
of Opakeneſs. 

We muſt know then, that all Bo- 
dies whatſoever, have in them much 


fewer Parts, and much more Pores 


or void Spaces, than is requiſite for 
the greateſt Number of Rays ot 
Light to find a free and open Paſ- 
ſage in ſtreight Lines all ways with- 
out running upon the Parts. For 
ſince Water is nineteen times lighter, 
that is rarer than Gold ; and Gold 
it ſelf is ſo rare, that it will very 
eaſily, without making any, Relit- 
ance, ſuffer the Magnetick Efluviato 
paſs — it, and will eaſily ad- 
mit Quickſilver into its Pores, and 
will alſo let Water go through it, that 
1s, it has more Pores than ſolid Parts; 
conſequently Water will have above 
forty times as many Pores as ſolid 
Parts. And indeed you may think,Gold 
and Water, and Al ocher Bodies (with 
great en as much rarer ſtill 
as yon pleaſe. For if we conceive the 
Particles of Bodies to be ſo diſpoſed 
amongſt themſelves, that the Inter- 
vals, or empty Spaces between them, 
may be equal in Magnitude to them 
all ; and that theſe Particles may be 
compoſed of ether Particles much ſmal- 
ler, which have as much empty Space 
bet ween them, as equals all the Mag- 
nitudes of theſe ſmaller Particles: 
And that in like manner, theſe ſmal- 
ler Particles are again compoſed of 
others much ſmaller ; all which toge- 
ther, are equal to all the Pores or 
empty Spaces between them, and ſo 
on perpetually, till you come to ſolid 


Particles, ſuch as have no Pores or 


empty Spaces within them, And if 
in any groſs Body there be, for in- 
ſtance, three ſuch degrees of Particles, 
the leaſt of which are ſolid; this Bo- 
dy will have ſeven times more Porrs 
than ſolid Parts, Bat if there be 

four 
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16. I doubt not but that this Opinion will be eſteem- 16. 4 con- 

ed a Conjecture only. But if it afterwards be made — 
to have in it all the Marks of Truth, and that G me. 

i the Properties of Light can be deduced from it: I 
hope that That which at firſt looks like a Conjecture 

1. on received for a very certain and manifeſt 
Tru | 
17. And firſt, that we are fitted by Nature to per- 17. Lat we 
ceive what we call Light, though there were nothing 5, e 
that bore any Reſemblance to it without us, we have Niche. 
a very convincing Experience: For if, when it is the 
Darkeſt that can be, we rub our Eyes in one particu- - 
lar manner, or if by chance we receive a very hard 
Blow upon them, ſo that the internal Parts of the Eyes 
are very much ſhaken by the Blow, we ſee Light, and 
= bright Sparks, which ceaſe as ſoon as the Motion 

es. 6 


four ſuch degrees of Particles, the iſhed. See the Notes on Art. 35. 


leaſt of which are ſolid, the Body 
will haue fifteen times more Pores 
than ſolid Parts. If there be five 
Degrees the Body will have one and 
irty times more Pores than Parts. 
If fix Degrees, the Body will have 
Sixty and three times more Pores than 
folid Parts, and ſo on perpertmally. 
Newt. Opt. p. 243 · 
The Kealon — why ſome 
Bodies are Opałe, is not the want of 
Pores which are paſſable on every 
Side in ftreight Lines; but either 
the unequal Denſity of the Parts, or 
the Largeneſs of the Pores, either 
filled with other fort of Matter, or 


elſe empry; by which means the 
Rays N Light in paſſing through, 
are per ly bent backward and 


forward by innumerable Reflections 
and Refractions, till at laſt they hit 
n the Parts themſelves of the Bo- 
y (See the Notes below on Art. 35. 
and fo are wholly extinguiſhed a 
loſt, Hence it is, that Cork, Paper, 
Wood, &c. are Opake; and Claſs 
Diamonds, Cc. tranſparent, For 
in the Confines of Parts that are 
alike, and of equal Denſity, as the 
Parts of Glaſs, Water, and Diamonds 
are, by reaſon of the equal Attracti- 
on on all Sides, there is no Keflexi- 
on or Refraction; and therefore the 
Rays of Light which enter the rſt 
Superficies of theſe Bodies eaſily 60 
on (except ſuch as chance to fall 
upon the ſolid Parts, and are exdn- 


but are perpetually 
and Fell ar, and at laſt loſt, That 


this Diſcontinuity of Parts is the prin» 
cipal Canſe of the Opacity of Bodies, 


pake 


ſtance of e 
fity with their Parts. s P 


elow) in a right Line chrough the 
whole Body. But in the — of 
Parts which are very unequal in Den- 
firy, ſuch as the Parts ot Wood or 
Paper, compared with each other, or 
with the Air, or empty Space in 
the larger Pores of them. the great- 
eſt Reflexions or Retractions are 
made, becauſe of the unequal At- 
traction; therefore the Rays can by 
no means paſs through ſuch Bodies; 
nt backward 


will _ by conſidering that 0- 

nbſtances become tranſparent, 
by filling up their Pores with any Sul 
„or almoſt equal Den- 


dipp'd in Water or Oil, the Oculus 
Mundi Stone feeped in Water, Lin- 
nen- Cloth oiled or varniſhed, and 
many other Subſtances ſoaked in ſuch 
Liquors as will intimately pervade 
their little Pores, hecome by that means 
more tranſparent than otherwiſe ; ſo, 
on the contrary, the moſt tranſparent 
Subſtances may by evacuating their 


Pores, or ſeparating their Parts be 


rendered ſufficiently opake, as Salts 
or wet Paper, or the Oculus Mundi 


Stone, by being dried, Horn by being 
ſcraped, Glaſs by being reduced to Pow - 


der, or otherwiſe flawed ;--and Water 
by being formed into many ſmall Bub- 
Vet. become Opake, Newt.Opt. p. 224. 


18. Fur- 
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Kok That 18. Further, That there is ſuch a Thing as ſubtil Mat. 
2 ter which penetrates the Pores of tranſparent Bodies, the 
#/ Mater, Diſpoſition of which to recede from the Center of the 
1 luminous Body in ſtreight Lines, may here be called 

gt ſecundary or derived Light, has been ſufficiently proved 
before, when we ſhewed the Neceſſity of the ſecond Ele. 
ment; and we may venture to affirm, that none of thoſe 
ings would come to paſs withour it, which we haye 
before obſerved to come to paſs, when we explained thoſe 
Motions which are uſually aſcribed to the Fear of ; 
| Vacuum. 
29-Thet ls 19, Nothing further remains, but to ſhow that lumj- 
Ber puſh his NOUS Bodies do _— puſh this Matter every Way; 
_ — which will 4 to 10 if it ode bo that — Part 
5 ae ore mall, and very much agitated. us then ex- 
— Gui — the — Bodies Fx. we know, and ſce if 
ft. iv, the Parts of which they are compoſed, be not as ſmall, and 
as much agitated as we _ And to begin with Flame. 
It has been already ſo plainly demonſtrated, that it is 
compoſed: of Parts very ſmall, and which move with 
ay greateſt Celerity, that it is ſuperfluous to ſay any more 
about it. 
20. Whence) 20. We ſee alſo, that there ariſes very bright Sparks up- 
ze is that on ſtriking a Flint againſt Steel, or two Flints againſt each 
Sparks ariſe, . agal 
Ser fring Other, or an Indian Cane againſt a common one, or by 
or rabbing ſtrokeing the Back of 4 Cat in the Dark, when the Wes. 
IS” ther is dry and cold, 1 and in a Multitude of other Thi 
The Cauſe of all which, is only this, that ſome of 
| Particles of theſe Bodies being en- angled between others 
when they are ſtruck, acquire in flying off, a Motion like 
that of Flame, by which they in like manner puſh forward 
the ſmall Globules of the ſecond Element. 
21.7he Cauſe 21. There is ſome ſort of rotten Wood, and of Fiſhes, 
of the ſhining «when * to be corrupted, which ſhine very bright. 
al f Now a Body cannot putrify or be corrupted, but by the 
Het Motion of its Parts, tome of which fly off (as is evident 
Tate, in rotten Wood, from the Largeneſs of its Pores, and 
from its Lightneſs, which render it different from what 
it was before, as a Coal, and the Wood out of which it 
is made differ from each other.) We muſt own therefore, 


1. And in a Multitude of other rubbed, will ſhine bright, not by im- 
Things) Thus likewiſe Amber rub- pelling or preſſing upon the Parti- 
bed very hard in the Dark; Seick- | cles of the ſecond Element, for there 
fitver ſhaken inaVacuwn; and aGlaſs | is no ſuch Thing; but by ſending 
out of which the Air is exhauſted, | forth ſmall Particles which are the 
if it be turned round very quick and j very Light it ſelf. . 

that 
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thar the Motion of the Parts which we ſuppoſe in lumi- 
nous Bodies, 1 is to be found here alſo. | 

22. It is not fo eaſy to tell certainly, what fort of | 22 of te 
Motion that is, which makes ſome Worms and Fhes to _— 
ſhine in- the Dark : However it is very probable, that 
ſme ſort of Matter is exhaled out of theſe Inſects, like 
the Sweat of other Animals, and that this puſhes the 
Matter of the ſecond Element ; and this is confirmed 
1 that they ceaſe to ſhine as ſoon as they 
ue 
23. The Sun and the Stars are the moſt luminous Bo- 23. Of the 
dies of any that we know ; but by reaſon of their great 3 
Diſtance, it is impoſſible to make appear by any Experi- Scars. 
ments taken near them, thar all their Parts are in Moti- 
on; all that = can _ is only * we do not 
obſerve any Thing to the contrary : And ſince 
duce the Lene ffects in mg Flame 82 
ought to think, that they reſemble it in that by which 
theſe Effects are produced, viz. in the Motion of their 
Parts. . 
24. If it were true, what they ſay of a Carbuncle and 24. R N. 
a Diamond, viz. that they ſhine in the Dark; I ſhould 24 re 
freely own, that I am miſtaken in all that I have ſaid f che we. 
about Light; for chere is no Probability, that Bodies ſo are of a Car- 
hard, ſhould be compoſed of Parts which ſeparately are yi 4 
in any Sort of Agitation. But it is certain, that theſe 
are only idle Stories, told without any Proof, and receiv- 
ed by credulous Perſons, for I have often times experien- 
ced the contrary my ſelf. | 

25. Tis true indeed, That a Diamond ſhines very bright 25. . 
in a darkiſh Place; but the Reaſon of this is, becauſe it % Brighr- 
is ſo cut, that the Sides reflect all the Light which they aA 
receive towards the ſame Part, as ſhall be more fully /# in. 

lained * afterwards, when we come to treat of the *. 46. 
Refraction of Light. | 

26. We have lately had an Account from England, that 25. Of 4 
: ſome Diamonds rubbed in. the Dark, have ſhined fo 5% of 6 
bright for a ſhort time, that a Word or two might be e i & 
read by Light of them. I have not obſerved this in any ea. 


1. Is to be found here alſo.) The | ting the Air in again, it ſeemed to be 
famous Mr. Boyle made an Experi- — lighted, and ſhined as before. See 
ment of this Matter, which is very | the Philoſophical Tranſat. Numb. 3 1. 
well worth taking notice of. He | For this was true Flame, and like 
put a piece of rotten Wood into the | all other Flame cannot be preſerved 
Air Pump, which was in a manner ex- | without Air. 

tinguiſhed and ceaſed to ſhine, when 2. Some Diamonds rubbed in the 
the Air was exhauſted; but upon ler- | Dark) Ses Art. 20. above. 


ROHAULT's SysTEM datt 1. 
Diamonds: that I have tried ; however it may be true, 
without contradicting any Thing that I have hitherto 


wrote. For the Rubbing may raiſe ſome Agitation, if 
not in the Parts of the Diamond, yet at leaſt in ſome 


2.7. Of the 


þ 


Matter contained in the Pores of it, which continuing in 
Motion in the fame manner as the Flame in the Pores of 
a burning Coal, may for ſome time puſh the ſecond Ele. 
lement which is all round it, and diſpoſe it to raiſe a ſmall 
Senſation of Light. 

27. Though we have no Jewels which ſhine in the 
Dark, yet we have a Stone that is truly luminous: This 
Stone was accidentally found by an 1:alian Chymiſt near 


- , Bowlogn in a hollow Place cauſed by a Torrent. After 


oy 


a8. The 
Reaſon of 
thisStone's 
ſhining. 


having put it into a Fire for fix Hours, he took it out, 
and let it cool; and when it had been expoſed to the Light 
of the Air for ſome time, upon carrying it afterwards in- 
to the Dark, he firſt perceived it to look like a. Fire- 
Coal covered over with a few Aſhes. I have ſeen ſome 


ſhine near half a quarter of an Hour, after which their 


Light vaniſhed, but by expoſing them to the Light ot the 


Air for a ſhort time, we could make them ſhine again when 


we pleaſed. 
28. The Reaſon hereof very probably is, that the Fire 
has made this Stone extremely porous, ſo that among the 


Parts which are almoſt wholly disjoined from each other, 


there may be ſome * ſo eaſy to be put in Motion, that 


the Light of the Air alone is capable of agitating them, 
and they may be ſo diſpoſed to retain this Motion, that 


they may keep it after they are removed from amongſt 
the luminous Bodies, which put them in Motion,; and 
this is confirmed. from hence, that when this Experiment 
is often repeated, theſe Parts exhale, and the Stone quite 


| loſes its ſhining Quality; which Quality cannot be preſer- 


29. A Com- 


ved above four or five Years, though the Stone be 
carefully ſhut up in a Box, where no Light can come 
at Ic. | 


29. For a further Confirmation of what has been faid, 


- we may obſerve, that if this Stone be kept too long in 


the Fire, or though it be kept in it but fix Hours, yet 


1. So eaſy to be put in Motion) , Parts of the Urine, prepared over a 
In much the ſame manner may the | very hotFire, are ſo volatile and eaſy to 
Phoſphorus be accounted for; (the | be put in Motion, that they are turn- 
rr is at large | ed into a kind of Flame, by the 
explained T famous Mr. Boyle, cation of the groſſer, or perbaps 
to whom 1 ü refer gow) for ir is the ner Air. 
very probable, thac ſulphureous 


if 
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i the Fire be very hot, all the Parts of it which cannot 
reſiſt the Fire, may be carried off, and then the remain- 
ng Parts may be ſo heavy, as not to be ſhaked by the 
Lhe ; in which caſe the Stone ought not to ſhine, and 
ſo we find by Fxyerience. | 

30. Having thus ſhown the Truth of thoſe three Things 
which comprehend the Whole of our Conjecture, about 


Primitive or Original Light, concerning what they call 24 in 


397 


30. That 
ht 


aughe 
pg. 
a Mo- 


ſecondary or derivative Light, we obſerve firſt ; that be- went # 4 


cauſe it does not conſiſt in the actual Motion of the ſub- 
tle Matter which fills the Pores of tranſparent Bodies, but 
only in the Tendency or Diſpoſition which this Matter 
has to Motion; it neceſſarily follows, that luminous Bo- 
dies, be they never fo diſtant, ought to propagate their 
Force, and 1 to affect our Senſes in a Moment of Time; 
becauſe the Matter which is puſhed, being extended eve- 
ry way without Interruption, like a very long Stick ; the 
luminous Body cannot puſh forward the neareſt Part of 
it, —— the ſame time it muſt impell the furtheſt Part 
likewiſe. 


Diſtances« 


31. But perhaps ſome may think, that this Train of 1.*.4 Dif- 
Matter which is extended from one Point of the lumi- ft about 


nous Body, to a Point of the Object which it illumi- 


the A dion 6 
the Rays of 


nates, and which is called 2 Ray of Light, may more pro- Light. 
e its 


ly be compared to a Thread than to a Stick, becau 
Parts are not ſo firmly connected together, as thoſe of a 
Stick are; and ſo it may be conceived, that as we can 
move one end of a Thread, without moving in the leaſt 
the other End, ſo the luminous — may impel the Mat- 
ter of the ſecond Element to which it is applied, with- 
out neceſſarily continuing that Impreſſion to any great 
diſtance. However, if we conſider, that the World is 
full of Matter, and that a Ray of Light is always ſur- 
rounded by a great many- others, which hinder it from 
bending, as a Thread does which is not ſurrounded 
by others, we ſhall be of Opinion, that eyery Ray of 


1. To aſſect our Senſes in a Me- | ſerved) that Light (which is a real 
ment) It 1 s now from the Phe- | Body) is not propagated in a Mo- 
nomena of Japiter's Satellites, which | ment of Time, but takes up about 
fx ine the Shadow of Japiter a | ſeven Minutes in coming from the 

ſooner than they ought to do, | Sun to the Earth, which is about 
when the Earth approaches towards | 50000000 of Miles (See Newt. Opt, 
Fapiter ; and on the other hand, | p. 252.) What ſurpriſing Things 
come out of the Shadow a little la- | follow from Lights hot being pro- 
ter than they ought to do, when | pagated in a Moment, but in a certain 
the Earth departs from Jupiter (as | Space of Time. Tow may ſee in the 
many eminent Aſtronomers haye ob- | Notes on Part II. Ch. xxy, Art. 3. 


. —— 


| 
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Light 1 ought to e the Force of the luminous 

Body in the fame — — 2 a Stick. 
32-That = 32. In order to explain what is difficult in this Matter, 
ap its let us compare this Action of the ſecond Element which 
Aion euro tranſmits Lien. to the Action of Water contained in a 
an interme* long thick Tube ſtopped at the lower End; and then let 
ee Le, us conſider, that all the ſmall Threads of which this groſs 
Column of Water is compoſed, do every one in parti. 
cular preſs with its whole Weight upon the Bottom; and 
that if we pour in never ſo little Oil, it will pref 
upon the Bottom in the ſame manner as if we had pour- 

| it upon a ſtiff Stick. 
33. That to 33. If this Compariſon does not ſeem juſt, becauſe in 
propagate this this Inſtance the Water is contained in a Veſſel; take 
aus ncceſſery another: Suppoſe the Surface of the Earth, inſtead of 
ebe Liquor being unequal and rough as it is now, were round and 
_— con- ſnooth, and imagine it to be covered all over with Wa- 
Peel. cer to a certain Height; then would every Point of the 
Earth's Surface be preſſed upon by the whole Weight of 
the Thread of Water which correſpends to it; now com- 
pare the Action of the Rays of Light to the Action of 
this Water, and you will find, that they are capable of 
eee they were as ſtiff as a 
tick. | 

$4- Why the 34. It is true however, and muſt be granted, that there 
im of , is {ome Difference between theſe two Things: For the 
Ser the Threads of the Water approach nearer and nearer to each 
more diſtant Other, and tend to the ſame Center, whereas the Rays of 
B. Light go from the Center and ſpread themſelves towards 
the ſpherical Superficies which we may conceive all 
round them: But this Difference will only be of uſe, to 
ſhow us the Reaſon of a very remarkable Property of 
Light; which is, that the Impreſſion of the luminous Bo- 
dy does not come entire to the Object; but is weaken- 
Tab. Iv. ed and diminiſhed a little, according as it { it ſelf, and 
Fig. 3. 1 to its Diſtance from the Center of Action. 
n order to explain this, let us ſu the Tube ABC, 
which grows wider towards the 'Top, to be filled with 
Water as high as DE, and that ards with a Sy- 
* put as much Water in at the End A of this 
Tube, as will fill the Space AFG, which is of a conſide- 
rable Height, but of a ſmall Breadth. It is certain, that 
this Addition of Water, will raiſe up the Water at HI a 


1. Ought to propagate the Force) propagited, See the Notes on Art. 1 5. 
I , 


To e it but not 6. 
in ſtraight Lines ; as Light is really : 1 0 | 
— - ittle 
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grees with Experience. 


35. Now as we are certain, that a Body in Motion al- 
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little, but that it will be ſcarce ſenſibly raiſed at DE. Now 
this explains the Nature of Light 
we cannot ſay that the Water at 
but only that it is raiſed but a very 
conclude, that the further the Rays of Light are diſtant 
from the luminous Body, the weaker they are; which a- 


ters its Determination when it meets with another Body 
that reſiſts it: So likewiſe we may conclude, that Light, 


when it falls * upon the Surface of a ſolid Body ought to be 


rfectly well. For as 
E is not r aiſed Ac all, 
little: So we may 


09 


35. Why 
Light meet- 
ing with cer- 
tain Bodies 
t to be 


turned back or reflected. Thus for Example, if the ſmall W. 
Globules which are in the Line CD repreſent the Parts 
of the ſecond Element compoſing a Ray of Light, which Tab. Iv. 


falls u 


ought to be equal 


to the Angle of Incidence ADC, that is, this Action ought to 
be propagated in the ſame Lines that the Globule C would 
deſcribe, if it were alone, and moved in the Line CD: 


1. Upon the Surface of a ſolid Body 
The Reflexion of the Rays of La, 
is cauſed, not by falling upon the 
Parts themſelves of the reflecting 
Body, but by a certain Power equal- 
ly diffuſed all over the Surface of the 
Body, whereby it acts upon the Ray 
to attract or repel it, without imme- 
date Contact; by which ſame Power 
in other Circumſtances the Ray is re- 
tated ; and by which ſame Power 
it is at firſt ſent forth from the lu- 
cid Body ; as the fore · cited admira- 
ble Perſon has demonſtrated by many 
Arguments. 

Though thoſe Glaſſes which we 
tall plain and poliſhed, do indeed 
appear to the Eye to have a ſmooth 
urlform Surface; yet in reality, (ſince 
poliſhing is nothing elſe but wear- 
ing away and breaking the Protu- 
berances of the Glaſs, with Sand, 
Putty, or Tripoly) their Surfaces are 
very far from being plain and ſmooth : 
Now if the Rays of Light were re- 
flected by impinging on the ſolid 
Parts of the Glaſs, their Reflexions 
could not be ſo exact and regular, 
s we find they are; nay, the Kays 


digt to be diſperſed all Ways, al- 
molt as much by the beſt poliſhed 
Glaſs, as by the rougheſt. See Newt. 
Opt, p. 240» | 


| 


For 


II. If the red and blue Rays 


which are ſeparated by a Priſm (the 
manner of doing which, See in the 
Notes on Art. 65. below.) be all of 
them caſt on a ſecond Pciſm, in ſuch 
manner, that they are all alike inci- 
dent upon it; the ſecond Priſm may 
be ſo inclined to the incident Rays, 
that thoſe which are of a blue Colour, 
ſhall be all reflected by it, and yet 
thoſe of a red Colour (chough falling 
with the ſame Obliquity) pretty co- 


iouſly tranſmitted. Now if the Re- 
exion be cauſed by the impinging 


of the Rays upon the Parts of the 
Glaſs; how comes it to pals, that 
when all the Rays fall with the ſame 
Obliquity, the Blue ſhould wholly 
impinge on the ſolid Parts, fo as to 
be all reflected. and yet the red find 
Pores enough in the fame Place to 
bein a great meaſure tranſmirred ? 
Pag. 239. 


III. Where two Glaſſes touch one 


another, there is no ſenſible Reflexi 
on, and yet there is no Reaſon why 
the Rays ſhould not impinge on the 
Parts of Glaſs as much when con- 
tiguous to other Glaſs, as when con- 
tiguous to Air. bid. 


IV. When the Top of a Water- 


bubble, made by the working up of 
Soap and Water, by the — 
P 1 


the ſolid Body AB, its Action ought to be con- Fig. 4- 
tinued towards E, along the Line DE, in ſuch a manner, 
3 that the Angle of Reflexion BDE 


| 
| 


| 


210 


ROHAULT's SYSTEM Parl. 

For it is evident, that the Globule D ought to have 3 
Tendency, and to be diſpoſed wm_ where it would really 
go, if its Power were put into att. And ſince this Glo. 
bule, upon meeting with the Body AB, would neither go 
towards G, nor towards H, but only towards F, it muſt 
be allowed, that it is the Globule F only which is impel. 
| led 


ſubſiding and exhaling of the Water 
ws. very thin; there is no mani- 
eſt Reflexion, not only at the 
leaſt Thickneſſes, but alſo at many 
other Thicknefles of the Bubble con- 
tinually greater and greater ; and yet 
in the Superficies of the thinned Bo- 
dy, where it is of any one Thickneſs, 
there are as many ſolid Parts for the 
Rays to impinge on as where it is 
of any other Thickneſs. Pbid. 

V. If the red and blue Rays ſe- 
parated by a Priſm (the manner of 
doing which, as was ſaid before, you 
may ſee in the Notes on Art. 65. be- 
low) be afterwards caſt diſtinctly and 
ſucceſſively upon a thin Plate of 
any tranſparent Matter, whoſe Thick- 
nelles grow continually greater and 

eater (ſuch as a Plate of Air con- 
rained between a plain Glaſs, and a 
Glaſs that is a little gibbous, ſuch as 
the Obje&-Glaſs of a long Teleſ- 
cope) this Plate in the very ſame 
Part of it will reflect all the Rays 
that are of one Colour, and tranſmit 
all thoſe that are of another Colour; 
in different Parts of it, it will tranſmit 
Rays of the ſame Colour at one 
Thickneſs, and reflect them at ano- 
ther, and this by innumerable Fitts. 
Now it is not any way to be ima» 

ined or conceived, = og ſo 
n by chance, that in the very 
fam] Part of the Plate, and with the 
very ſame Obliquity of the Rays, 
all the Rays that are of one Colour 
ſhould impinge upon the ſolid Parts, 
and all the Rays that are of another 
Colour ſhould hit n the Pores 
only; and that in different Parts of 
the Plate, in one Place the blue 
Rays ſhould all impinge upon the 
Parts of the Body, and the red Rays 
run all into the Pores, and in ano- 
ther Place where the Plate is a little 
thicker or a little thinner, on the 
contrary the blue Rays _ ſhould 
run all into the Pores, and all the 
red Rays impinge upon the Parts. 
Pay. 240. | 

VI. In the Paſſage of Lighr out 

of Glaſs into Air there is a Keflexi- 


that will appear to be falſe; 205 
; yur 


on as ſtrong as in its Paſſage 
of Air into Glaſs, or 1— little 
ſtronger, and by many degrees ſtron- 
ger than in its Paſſage out of Glaſs 
into Water. And it ſeems not pro- 
bable, that Air ſhould have wore re- 
flecting Parts than Water or Glaſz, 
But if that ſhould poſſibly be 
poſed, yet it will avail nothing, 
the Reflexion is as ſtrong or ſtronger 
when all the Air is removed from 
the further Surface of the Glaſs, as 
when it1s adjacent to it, p. 2 37. Now 
if any one ſhould imagine accord- 
ing to the Opinion of Cartes, that 
the ſubtle Matter at the further Sur- 
face of the Glaſs is denſer than any 
other Matter whatſoever, and upon 
that Account more ſtrong to reflect 
Light than any other Bodies ; be- 
ſides that we have before demon- 
ſtrated that that Matter is only a fidi- 
tious Thing; and that if we ſhould 
allow this Matter, and its Power to 
refle& Li 67 the Light could not be 

opagat it at the Beginning, 
— muſt immediately be neg? 
back upon the lucid Body as ſoon 
as it is ſent forth from it; beſides 
theſe I fay, he will be convinced df 
the Falfiry of this Fiction by the 
following Experiment, 

VIII. If Light in its Paſſage out 
of Glaſs into Air be incident more 
obliquely than at an _ of 40 of 
41 Degrees, it is wholly refle&ted, 
if leſs obliquely, it is in great mer 
ſure tranſmitted. Now it is not w 
be imagined, that Light, at one De- 
oo Obliquity, ſhould meet with 

res enough in the Air to tran 
mit the greater Part of it; and 1 
another degree of Obliquity, ſhould 
meet with nothing but Parts to te- 
flect ir wholly ; eſpecially, conſider- 
ing, that in its Paſſage out of Ait 
into Glaſs, how oblique ſoever be it 
Incidence, it finds Pores enough is 
the Glaſs, to tranſmit a great Par: df 
ic. If any Man ſuppoſe, chat it i 
not reflected by the Air, but by tht 
outmoſt ſuperficial Parts of the Glaſs 
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led by it, and which receives its Action. And this is 
confirmed by Experience. For when the Light falls up- 
on the Surface of any Opake and ſolid Body, as Gold or 
Steel, we ſee its Rays are reflected, and the of 
this yy omg is equal to the Angle of Incidence. | 
36. Now this being ſoin one ſotid Body, ſuch as Gold 3 Terre 
or any other Metal; as it is a general Truth, it ought to 5, Baer 
extend to all Sorts of ſolid Bodies, and the Light ought br re 
to be reflected in Angles equal to thoſe of their Incidence. % & 
Wherefore ſince the Pores of two tranſparent Bodies which 
touch each other, cannot exactly anſwer to one another; 


plying Water or Oil behind ſome 
part of the Glaſs inſtead of Air. 
For ſo in a convenient Obliquity of 
the Rays ſuppoſe of 45 or 46 De- 
prees, at which they are all reflected 
where the Air is adjacent to the 
Glaſs, they will be in great meaſure 
tranſmitted where the Water is ad- 
jacent to it 3 which argues, that their 
Reflexion or Tranſmiſſion depends 
on the Conſtitution of the Air and 
Water, or Oil behind the Glaſs, and 
not on the ſtriking of the Rays up- 
on the Parts of the Glaſs, viz. that 
the Rays are not reflected till they 
et to the further Surface of the 
laſs, and begin to go out of it. 
For if when they are going out ot 
it they fall upon Oil or Water, 
they go on, becauſe the Attraction 
of the Glaſs is almoſt ballanced and 
rendred ineffectual, by the contrary 
Attraction of the Liquor that ſticks 
to it. But if the Rays, which go out 
of the further Superticies, go into a 
Vacuum, which has no attractive 
Force, or into Air which has very 
little, and therefore cannot ballance 
the Attraction of the Glaſs, and ren- 
der it ineffectual, then the Attraction 
of the Glaſs reflects them, by draw- 
ing and bringing them back. And 
this is ſtill more evident, by laying 
ether two Priſms of Glaſs, or rwo 
ject-Glaſſes of very long Teleſ- 
copes, the one plain, the other a 
e convex, and ſo compreſſing 
them, that they do not fully touch, nor 
are too far aſunder. For the Light 
which falls upon the farther Surface 
of the firſt Glaſs, where the Inter- 
val between the Glaſſes, is not above 
the Ten hundred thouſandth part of 
an Inch, will go through that Sur- 
face, and through the Air or Vacuum 
— een the Glaſſes, and enter into 


ſecond Glaſs, Bur if the ſecond 


G'aſs be taken away, the Light 
which goes out of the ſecond Sur- 
face of the firſt Glaſs into the Air 
or Vacuum that is between the Glaſ- 
ſes, will not go on forwards, but 
turns back into the firſt Glaſs, and 
is reflected. From whence it is 
evident, that the Rays are drawn 
back by the Power of the firſt 
Glaſs, there being nothing elſe 
to turn them back. p. 238, and 
347. And hence it is alſo maniteſt, 
as was before obſerved, that the 
Rays are not reflected by any ſub- 
tle Matter or Ather, becauſe tha: 
Matter ought to reflect them not at 
Al the lefs, when the ſecond Glaſs 
is ſo placed as not quite to touch the 
firſt, than when it is quite taken 
away. 

Lasch, If any one ſhould ask; 
becaule we have aſcribed the Reflexi- 
on of Rays to the Action of the 
whole Superficies of Bodies, with- 
out immediately touching them z 
how it comes to paſs, that all Rays 
are not reflected by all Superficies : 
but while ſome are reflected, others 
are retracted and enter in: This ex- 
cellent Perſon ſhows, that there are 
certain Vibrations (or ſome ſuch 
kind of Property) both in the Bo- 
dies themſelves, and in the Rays ot 
Light, impreſſed upon the Rays, 
either by the Action of the Bod 
which emits them, or by the Acti- 
on of ſome other Bodies; hence 
it comes to paſs, that thoſe Rays 
which are in that Part of their 
Vibration which cenſpires with the 
Motion of the Parts of the Bodys 
enter into the Body, and are tranſ- 
mitted by Refraction; and thoſe 
which are on the other Part of their 


Vibration, are refleGed: See Newts 


Opt. p« 255. 
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and therefore many of thePores, of Air for inſtance, may meet 
with the ſolid Parts of Water, Glaſs, or Chryſtal; it is im. 
poſſible, but that tranſparent Bodies muſt reſſect ſome Ml 
part of the Light which falls upon their Surface; and they i * 
muſt reflect ſo much the more, as the Rays fall more 
oblique, becauſe in that Poſition they meet with more 
of the ſolid Parts of the tranſparent Body upon whichthey 
37. How the 37 Let us now conſider, what will happen to Rays that \ 
Roy Aw paſs our of one tranſparent Medium into another, u 
1 they paſs, Whole Surface they fall obliquely. We foreſee 1 that 
out of ns ought to be refracted bly to what was faid before (i 
rranſparent concerning Refraction, becauſe theſe tranſparent Bodies 
Medium into a C 
another. being of a different Nature, the one may afford an eaſier 
| Paſſage to the Light than the other, and ſo the Rays ought g 
to be leſs inclined, or nearer to the Perpendicular on 5 
Side which more eaſily admits them. 9 
38. 7he r- 38. Nor are we to think, that a tranſparent Body will WW C 
der a tranſ- afford ſo much the eaſier Paſſage to Light, by how much 0 
parent Body, the eaſier it yields to other groſſer Bodies which make 
fo much the ab” B 
eaſier will the Way for themſelves, by removing its Parts: Juſt the I n 
Light paſs contrary: For as the Paſſages for Light are y made, WI 
through its 
; 0 
I. That they ought to be refracted) | whether that Power by which Glaſ 
The Rays are — not by fal- a&s upon Light ſhall canſe it to b 
ling upon the very Superficiesof Bo- reſiected, or ſuffer it to be tranſ- N 
_ — without —— ow _ le theſ Surf 
tact, by that v e Power 3. Becauſe theſe Surfaces of tranſ- | 
which *. — — or reflected, parent Bodies which have tbe — 
exerting it ſelf differently in diffe- «/# refracting Power, reflect the great- 
rent Circumſtances, as may be de- eff quantity of Light. Net. Opt. 
monſtrated by the ſame Arguments | p. 244. int 
as were before made uſe of about 4+ Becauſe, although the Forces of 
Reflexion without Contact, and alſo | Bodies to reflect and retra& Light, are ul 
by the following ones. very nearly proportional to the Den- Bo 
T. Becauſe when Light goes ont of | ſities of the e ies; yet ho 
Glaſs into Air, as obliquely as it | unftuous and ſulphureous Bodies 
can poſſibly do, if its Incidence be | retract more than others of the ma 
made ſtill more oblique, it becomes | ſame Denſity, For the Rays a& (el 
totally refleffed. For the Power of | with greater Force upon thoſe Bo- 
the Glaſs, after it has refracted the | dies to ſer them on Fire, than they ed 
. Light as obliquely as is poſſible, if | do upon others; and theſe Bodies vin 
the Incidence be made ſtill more | a& upon the Rays again with CB 
oblique, becomes too ſtrong to let | greater Force by mutual 1 
any of its Rays go throw 7 0 _ to _ 2 p 245. * 5 mo 
by conſequence canſes tot X - aſily. Becauſe, not only the Rays | 
ions. hy which are tranſmitted cheb h Glaſs Ra 
2. Becanſe Light is alternately | are reflected; but alſo thoſe which 
reſtected and tranſmitted by thin | are near the Extremities of it in T. 
Plates of Glaſs for many Succeſſi- | Air or in a Vacuum, or even thoſe 62000 
ons accordingly as the Thickneſs of | which are near the extreme Parts lurp 
the Plate increaſes in an arith- | of any opake Bodies (as the Edges lays 
metical Progreſſion. For here the/ | of Knives, &c.) are bent by the At- boe 
Thickneſs of the Glaſs determines, | traction of the Body. p. 293, Ce. p 4 
| lc 
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it can move ſo much the eaſier as the Parts of the Bo- 
dy through which it paſſes, are more difficult to be put 
out of their Places; becauſe it is the leſs liable to loſe 
its Motion in paſſing, in the fame manner as a Bowl 
will run eaſier upon the firm hard Ground, than upon 
ſoft Ground, or upon the Graſs. And thus as Water 
is in ſome Senſe harder than Air, and Glaſs harder than 
Water, and Chryſtal harder than Glaſs, it follows, * hat 
Lig ought to paſs more eaſily through Water, Glaſs 
Chryſtal, than through Air; and its Rays ought to 

be leſs inclined, or to approach nearer to the Perpendi- 
cular in theſe Bodies than in Air. | 

39. This may be tried many Ways; I will ſhow you 39. An Ex- 
one that ſeems to me very evident. I cauſed a Braſs 2% f of, 
Box -ABCD to be made, with a Cover to it of the of Likes 
ame Metal. The Bottom BC was a Piece of Venice paſſing out of 
Chryſtal, under which I glued a piece of Paper, with 77.5% 
ſeveral Marks made upon it at Pleaſure. I expoſed this Tab. Iv. 
Box to the Rays of the Sun, that a Ray, ſuch as FE Fig. 5. 
might the Cover at the Hole E, and looking un- 
derncath, I obſerved the Point. G, which the Ray came 
to; then without altering the Situation of the Box, which 
was full of Air only, 1 filled it with Water, which I 

red in at the Hole M; then I obſerved, that the 

y did not come ſo far as G, but only to L, ſo 
that it was nearer the Perpendicular H I, than it was be- 
fore: | 

40. Now to find whether a Ray paſſing out of Water 4%: 4 Ex 
into Air be turned from the Perpendicular, we may make 2 rep, ;. 
uſe of a very common Experiment. We may put any @ of Lab 
Body, a piece of Money ſuppoſe, at the Bottom of a e, _ 
hollow Veſſel, which contains nothing but Air; then we A. 
may move our Eye B back, till the Edge of the Veſ- Tab. IV. 
ſel juſt hides the Object A; then let the Veſſel be fi- 5 
led with Water: 3 which, the Object without 2 
ving changed its Place, will begin to appear by the Ray 
CB: which coming from A by C, will be bent, and > 
moved from the Perpendicular ECF, whereas otherwiſe the 


Ray would have gone freight on to D. 


Wherefore a Ray falling npon Na- 
ter ont of Air, goes further from the 
Perpendicular ; on the contrary, 4 
Ray coming ont of Water into Air ap- 
proaches nearer to the Perpendicular ; 
becauſe Air reſiſts it leſs than Water. 
from the Perpendicular, and the leſs | Phyſ. Book V. Chap. viii. Seck. 17. 
the Reſiſtance, the leſs does it recede. | Contrary to all Experience. 


P 3 41. Be- 


1. That Light ought to paſs more 
eaſily) Mr, LeClerc has committed a 
luprizing Miſtake here. Therefore, 
lays he, the greater the Reſiſtance of 
the Body is upon which the Ray falls, 
ſo much the more does it recede 
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41. Of the 41. Becauſe Refraction will be of great Uſe hereafter, 
Refratiion of jt, is worth while to explain the Nature of it fully, by 
-— mi. yo s conſidering how it is made, when Light paſles out of 
Glaſs Priſm. Air into Glaſſes of various forts of Figures. Suppoſe 

Lag IV. then, in the firſt Place 1 4 triangular Priſm ABC, u 
8. 7 on one Side of which, ſuppoſe AB the Ray DE fat 
obliquely. From what was ſaid before concerning the 
Rays paſſing out of Air into Glaſs, it follows, that it 
ought not to go on in a ſtreight Line to FP, but to G, 
in order to approach nearer the Line HEI, which is 
ſuppoſed to be drawn through the Point E, upon which 
the Ray falls, and to be 1 to the Surface 
AB. er which, the Ray EG paſſing obliquely out 
of Glaſs into Air, ought not to go directly to L, but 
to — becauſe it is turned from the Perpendicular 

NGO. | | 

42. Of te 42. Suppoſe now a Lens or a Glaſs convex on both 
ry yr 3 Sides, ſuch as is repreſented by the Figure 2B3K, and 
— imagine a great many parallel Rays, ſuch as AB, CD, 
ConvexLight. EF, to fall upon its Surface; now in order to find out 
Tab. IV. how theſe Rays ought to be refracted, we muſt firſt 
Fig. 2. draw through the Points B, D, F, Lines Jann 
| to the Glaſs, that is, the Lines ABK, HDI. LTM. 
tending towards the Point C, which I ſuppoſe to be the 
Center of the Superficies 2B3. This being done, we 
may conſider, that the Ray AB, being in the Paper 
cular it ſelf, ought not be at all refracted as it paſſes out 
of Air into Glaſs, but to go on directly towards K, where 
it falls again perpendicular upon the Superficies of the 
Air 2K 3 (becauſe it comes from the Point R, which is 
the Center of this Superticies) and therefore it will com- 
tinue to go ſtrait on {till towards G, without any Refra- 
ction. Bat as to the other Rays, ſuch as CD, and EF, 
becauſe they do not fall perpendicularly, it is evident, 
that they will not go directly to O and N, but will ap- 
ch nearer to the Perpendiculars HI, LM, and go to 
Q and P, and by this means they will tend towards the 
Ray ABK; and becauſe, having drawn the Lines TCI. 
SPM perpendicular through the Points P and Q, that is, 
the Lines which tend to the Point R, we find that the 
Rays DQ, FP fall obliquely on the Surface of the Air, 
we 5 that 5 N b * go 4 

> Perpendicular. So that will not go directly to 
ut tq G, and FP alſo will not go directly to V, but to 


„A Triangalar Priſm) See the Note on Art, 65, below. 4 
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the ſame Point G. The ſame may be demonſtrated of 
the Rays, that fall on the other Side of AB, which will be 
bent ſo, as to interſect the firſt, * ſomewhere near the Point 
G; thus we ſee, that it is the Property of a Convex-Glaſs, 
to collect together the Rays of Light which fall parallel 
it. 
Ta If whilſt the Glaſs remains in the fame Situation, 43- Of the 
pl Rays fall upon it from ſome other Place, we ſhall OE. 3 
that will meet together in ſome other Point, and , come 
not in G ; thus if they come from the right Side of thoſe eren 
before drawn, they will meet on the left Side, viz. near 
Y; and on the contrary, if = come from the left 
Side, they will meet on the right Side ſomewhere near Z. 
Let us conſider in the Third Place, A Glaſs that , 44- %f the 
i in che Middle than at the Edges, that is, a Glaſs Egg nag 
concave on both Sides, ſuch as is repreſented by GBHIMK, through A 
and ſuppoſe the parallel Rays, AB, CD, EF, to fall up- > 
on it. Now in order to ſee how ought to be refracted, Tab. Iv. 
let us erect P diculars at the Points B, D, F, where Fig- 9+ 
they enter the Glaſs: This being done; fince the Ray 
AB coincides with the Perpendicular, it will enter the 
Glaſs as far as M without any Refraction, where becauſe 
it falls perpendicularly upon the Superficies of the Air, it 
will no more be refracted at going out, than it was at 
_ into the Glaſs, and — — it will go direct- 
to L. But becauſe the Ray CD falls obliquely upon 
Surface of the Glaſs, it will not go directly to P, but 
will turn to Q, becauſe it tends towards the Perpendicu- 
hr NDO; and becauſe the Ray DQ falls obliquely up- 
on the Surface of the Air alſo, it will not go directly to 
T. but will be refracted towards V, 9 goes from 
the Perpendicular RQS. So likewiſe if we examine the 
Ray EF, we ſhall find by the like =o of Reaſoning, that 
it will go to V, and from thence to Z. Whence we ſce, 
that it is the Property of a Concave-Glaſs 2 to diſperſe the Rays 
which fall parallel wpon it. 


1. Somewhere near the Point G) | whole Thickneſs BK. See Hagen“ 
For the Rays are not collected to- Diopt. _— 27. p- 94. and Bar- 
ether exactly into the | row, Sed?, V. 
Tab. IV. fame Place, and the Fo- 2+ To diſperſe the Rays) In ſuch 
Fig. 8. aus is not ina Point, but | a manner that they may ſeem to 
in a ſmall Line, that is, | come from a ſmall Line, 


in part of the Line KC, ſo that ſome | or ſuch Part of the Line Tab. Iv. 
of the Rays meet with each other | AB as the foremention- Fig. g. 
nearer the Point K than others of | ed ſmall Line was, into 

them, Thus for Inſtance, if the | which they were gathered in paſſing 
Glaſs be equally gibbous on both | through a Convex-Glalſs, 


Sides that Line will be T of the 


P4 45. Let 


# 
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S5- tow ole 45: Let us conſider in the Fourth Place, a Glaſs cut 
fragedin With ſeveral Surfaces on the one Side, but plain on/the 
paſſing thre? Other, ſuch as is reprelented by the + ga CDETS, 
; G12/thet and ſuppoſe the Rays FG, HI to fall parallel upon it: 
many Super. Draw Perpendiculars in the Points G and I; then be- 
ies. Cauſe, from what was before ſaid, theſe Rays ought to go 
Fig Y- towards the Perpendiculars, we are ſure that they wil 
bend towards K and Q; and becauſe they again fall ob- 
liquely upon the Surface of the Air ST, we conclude that 
they will be retracted a ſecond Time; ſo that GK wil 
tend towards L, and IQ towards M ; and becauſe all the 
parallel Rays that fall upon the ſame plain Superficies, are 
equally inclined to it, they will be equally cted, and 
conſequently will be el when they come out, ſo that 
thoſe which fall upon the Superficies BC will go along 
with the Ray KL, and thoſe which fall upon AB, 
CD, DE, will go along with the Rays QM, PN, 

and RO. 
46. Vherein 46. So that if the Surface T'S were covered with an 
dete, opake Body which receives all the Rays of Light that fal 
Stones con- Upon the Superficies AB, BC, CD, DE, it is evident, that 
ffs, none of them will come upon the Parts SQ and RT, and 
conſequently they will look darker ; whereas the Part QR 
receiving the Light which falls _ every one of the 
Surfaces ought to appear very. bright; and herein con- 
ſiſts the L of a Diamond and other precious Stones 
which are any way tranſparent. For they will not ſhine, 
unleſs they be cut with a great many Superficies in 
ſuch a Manner as to turn the Rays of Light towards 
one Place at the Bottom, where is a ſmall Plate of 
Gold or Silver to receive the Light, and reflect it back 
— laſs of equal Thickuſ 
47. Of the 47. 2 us ſuppoſe à plain Glaſs of e ckneſs 
201d every where, ſuch wy BCD. upon hich: the alle] 
thro a plan Rays, EF, GH, IL, if they fall obliquely, fall with equal 
Ga/z- v. Obliquity, ſo that they are equally refracted, by approach. 
Fig, 22 ing every one of them towards the — 2 and 
therefore go to M, O, and Q being ſtill el, and 
conſequently equally inclined to the Surface BC; whence 
it follows, x 6: in paſſing into Air, they recede equally 


from their Perpendiculars, and ſo continue always paral- 
lel. But we muſt obſerve here, that the Rays EF, GH, 
IL, which incline towards the Right, when they firſt en- 
ter into the Glaſs, are inclined as much towards the Left, 
when they come out of it: So that we may ſay, the Glals 
LET DES ry I uy- 
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Lt by the ſecond Refraction, which it did by 

e Firſt. 2 

48. Since Light not only ſhines, but heats alſo, we 48. Thar at! 
may here add; that Gag we cannot perceive any Ine- e Light 

uality in the Action of luminous Bodies, but that they zs 

to impell uniformly the ſecond Element which ſur- Hear. 
rounds them, towards thoſe Bodies which terminate their 
Action; yet Reaſon ſhows us, that they act more ſtrong- 
* ſome times than at others; not only becauſe their 

arts are not all equal, nor are they always the ſame 
which are applied to the ſame ſurrounding Matter to im- 
pell it; but alſo becauſe this Action is at firſt commu- 
nicated to a tranſparent and liquid Medium, the Parts of 
which continually move out of their Places. And this 
cauſes the ſmall Globules of the ſecond Element to im- 
preſs a kind of Trembling upon the Parts of the Bodies 
to which they are impelled by the luminous Bodies; and 
becauſe Heat conſiſts in ſuch a kind of Agitation, it 
- == that all luminous Bodies ought to produce ſome 

c. 

49. However, it may happen that this Heat may not 45. Vin we 
be at all perceivable, either becauſe of the Weakneſs of n , fee!the 
the luminous Body, or becauſe the Organ upon which 5 , B. 
it acts is hotter than it. Thus if coming from a Fire we dies. 
expoſe our ſelves in a cold Night to Rays of the 
Moon, we ſhall find it very cold; becauſe in ſuch Cir- 
cumſtances, we give more Heat to the Air which ſurrounds 
us, than that does to us. 

50. And as the Sun is very bright, ſo ought it to raiſe 50. 7% fur 
the moſt ſenſible Heat in us; and ſo we find by Ex- pes Power 


of the Sun's 


perience every Day that it does; nay to that Degree, ar. 
that when its | Rays are collected by a concave-Glaſs, they ; 
fall, 


will not only ſet combuſtible Bodies on which they 


on Fire, but will melt Metals, Stones, and Flints, 


1. Undoes that by the ſecond Re- 
fraction) We muſt have a Care 
thinking, that the ſecond 
Tab. V. Refraction ſo undoes the 
Fig. 2, firſt, that the Object is 
ſeen in its true Place; for 
the Ray BQ extended backwards 
will not coincide with the Ray LI, 
but fall to the right Hand of it, and 
that ſo much the more, the thicker 
the Glaſs is; But as to Colours, the 
ſecond Refract ion does indeed undo 
the firſt, See the Notes on Art. 65. 
t, , 


2. That double and irregular Re- 


of | fraction of Iſland Chryſtal, where- 


by not only. the oblique Rays are 
ſeparated into two Parts on the ſame 
Superficies by a double Refraction; 
but alſo thoſe that tall perpendicular- 
ly are half of them refracted like- 
wiſe, is very different from all thoſe 
hitherto explained : The Explication 
of this you may ſee in Newt, Ops; 
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1 difficult to melt with Fire; as I my {elf 
ve ſeen. 

. That the 5I. Having ſufficiently explained the Nature of Light, 
— Bady and the — 5 Properties of it; the firſt Thing fr 
it nat the im- 0 : 
mediate Cauſe WE Obſerve concerning Colours, is, that they are not per- 
of the Senſa- ceived by the immediate Application of the coloured Ob. 
ain of cala. ject to the Organ of Senſation : From whence it follows, 

that it does not of it ſelf excite in us that Senſation of 
Colour which we have upon looking on it; for we cer. 
tainly know, that one Body cannot ab upon another with. 
out immediate Contact; but whatever there may be in 
the coloured Object, in which its Colour conſiſts, we 
muſt think, that it acts thereby upon ſome Medium which 
it finds, and by that Means acts afterwards upon our Or- 

gan of Senſation. | 
$2. Thetit is $2. If the coloured Object only had been conſidered, 
zhe different which ly is at reſt, when it affects the Senſes, I 
— doubt the manner of its acting upon the Medium would 
Light that never have been diſcovered, and conſequently we ſhould 
Canſes — 5 never have known diſtinctly what Colour conſiſts in. But 
— if we obſerve, that ſuch Bodies are not to be perceived 
. in the Dark; and that in order for them to appear co- 
loared, it is neceſſary for them to have ſome Light, the 
Nature of which is to be reflected, when it meets with 
a Body which it cannot pet. it is eaſy to conclude, 
that it is the Light which acts upon our Organ of Sen- 
ſation to make us perceive any Colour, and that the whole 
| Action of the coloured Body conſiſts in giving it 1 ſome Mo- 


dification which it had not before. | 
| 53. This 
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1. Some Modification which it had 
not before.) In order to explain the 
Nature of Colours we muſt ob- 


e, 
1.) That it is found by Experi- 
= that the Rays of Li 7 
ed of Particles ent 
from one another: that is, which 
are (as is highly probable) ſome lar- 


ger and ſome ſmaller. 


(2.) That a Ray, ſuch as FE, 
falling upon a refracting Superficies 
| in a dark Room, is not 
Tab. IV. refracted whole to L, but 
Fig. 7. as it were ſplit into a 
| great many ſmaller Rays, 
ſome of which are retracted to L, 
others of them to ſome other Points 
betwixt L and G: That is, (as is 
very probable likewiſe) thoſe Par- 
ticles of Light which are ſmalleſt, 


are the eaſieſt of all, and the moſt 
turned out of a ſtraighe Line towards 
L, by the Action of the refracting 
Superticies; and the reſt of them, 
according as they exceed each other 
in Bignels, are more difficultly, and 
leſs turned out of a right Line, to 
the Points betwixtG and L, 

(3-) Thoſe Particles of Light 
which are moſt refracted, make a 
ſmall Ray of a Violet Colour; that 
is (as is very likely) the ſmalleſt 
Particles of Light, ſeparated from 
the reſt in this manner, excite the 
ſhorteſt Vibrations in the Tunica Re- 
tina, to be propagated from thence 
along the ſolid Fibres of the optick 
Nerves into the Brain, there to ex- 
cite the Senſation of Violet Colour, 
the darkeſt and the fainteſt cf all 
Colours. And thoſe Particles which 
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53. This being ſuppoſed, 


Way to come at the certain Know|l 
of Colours. For fince Light 
cular Motion of the ſmall Globules 


there cannot be an eaſier 53- Thar the 


of the Nature {| 
is nothing elſe but a parti 


ment, or at leaſt a Diſpoſition to a particular Sort of M 

tion; nothing more is requiſite for the underſtanding o 

Colours, but mw to examine the different Modificati- 
0 


ons which this 


tion is capable of, and to find out what 


there is in the Bodies which we call coloured, to cauſe 


theſe Modifications. 


Now the firſt 


ing which offers it 


ſelf, and which is the moſt ſimple Modification, is this, 
viz. That this Motion cannot but be weak, if all the 


zre refracted leaſt, they make a ſmall 
Ray of a red Colour ; that is, the 
biggeſt Particles of Light, excice the 
longeſt Vibrations in the Tunica Re- 
tina, in order to raiſe the Senſation 
of a red Colour, the brighteſt of all 
Colours; and the other Particles are 
alſo every one ſeparated into ſmall 
Rays, according to their Bigneſs and 
Retrangibility, in order to excite 
intermediate Vibrations, which raiſe 
the Senſations of intermediate Co- 
lours. Much in the ſame manner, as 
the Vibrations of Air, according to 
their different Bigneſſes, cauſe Senſa- 
tions of different Sounds. 

(4+) The Colours therefore of thoſe 
ſmall Rays, fince they are not acci- 
dental Modifications of them, bur 
connate, original, and neceſſary Pro- 

ties of them, conſiſting (as is 
highly probable) in the different 
Magnitudes of them, are permanent 
and unchangeable ; that is, ſuch as 
cannot be altered by any future 
Refraction, Reflexion, or any other 
Modification. 

(J.) As the Rays of different Co- 
lours begin in this quay be * 
ed by the ſmg/e ion 
Fe So ies 155 that 8 tion 
Is more compleated (fo as ve- 
ry eaſily to be perceived by our 
Senſes) by that double Refraction 
(the Firſt being increaſed by the Se- 
cond) which is made in the two 
Sides of a Tri -Glaſs Priſm, 
(the Phznomena of which are fully 
explained in the Notes on Art. 65. 
below) and in the double Refracti- 
on made in the Superficies of Glaſſes 
of other Figures, according as their 
Superficies are from being 
0 to each other, ſuch as the 


bje& Glaſles of Teleſcopes, &c. | 


Rays 


(and this is the Reaſon 2 
cannot be made perfect, viz. 

of the Separation of the coloured 
Rays. See the Notes on Chap. xxxiii. 
Art. 28.) 

(6.) As the Rays of different Co- 
lours are ſeparated by the RetraQti- 
ons of Priſms, and other thick Bo- 
dies, ſo are they likewiſe ſeparated 
in another manner, in very thin 
Plates of any tranſparent Matter, 
For all Plates, which are thinner than 
a certain determinate Thickneſs, 
tranſmit the Rays of all Colours. and 
reflect none; but as their Thickneſa 
increaſes in an Arithmetical eſ- 
fior!, they begin to reflect, firſt, Rays 
that are intirely Blue; then Green, 
Yellow, Red, in order ; and again, 
Blue, Green, Yellow, Red; but more 
and more faint and mixed; till at 
laſt, when they come to a certain 
Thickneſs, they refle& the Rays of 
all Colours * mixed tagether, 
juſt as they fell upon them, and 
theſe make White. And in chat 
Part of the thin Plate where it re- 
flects any Colour, for Inſta e, 
Blue, it always cranſmits the con- 
trary Colour, viz. Red, or Yellow : 
For the Truth of all which Puæno- 
mena, found out by numberleſ* Ex- 

iments, and for the Calculation 
of what Thickneſs the Plate ought 
to be, to reflect particular Colours, 
and for the Reaſons why Plates of 
particular Thickneſſes reflect parti- 
cular Colours in this manner . See 
the eminent Sir aac Newton moſk 
clearly diſcourſing in his Opt. Book II. 

(.) All natural Bodies are 1nade 
up ot very thin tranſparent ſmall 
Plates; which, if they be fo regu- 
larly diſpoſed, with regard to cach 
other, there is no Retlexions 

or. 


| es of 
the ſecond Ele- £<* * 
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Part I. 
Rays of Light which fall upon an Object in a certain 


220 


: Order, and in a certain Quantity, be not reflected back 

in the ſame Order, nor in the ſame Quantity towards one 
determinate Place of the Medium where the Eye is fixed: 
And we are ſure, that this muſt neceſſarily happen, if the 
very ſmall Particles of the illuminated Body are ſo diſpo- 
ſed, as to make a rough and uncyen Superficies; for then 
the Rays which come as it were parallel from the lumi- 
nous Body, fall upon ſuch a Superficies with all forts of 
Obliquities, and therefore are ſcattered and reflected all 
Ways; and this is the Reaſon why the Eye does not re- 
ceive the Light with its full Force; but only a certain 
{mall Number of Rays are determined by this Superfi- 
Cies to come to the Place where the Eye is fixed; and 
hence we may conclude, that there is ſome particular Co- 
lour which conſiſts only in the Roughneſs of the Surface of 
the coloured Body, and which gives no other Modification to 
the Light, but only this, that it reflects it all ways indiffe- 
rently in the ſame manner as it received it. 

54 · Vhat 1 7 as this is the leaſt Modification of Light that 
the Natwe can be; ſo the Body which cauſes it ought to reſemble 
— the luminous Body as much as poſſible, that is, it ought 
| to excite in us the Senſation of Ihiteneſi, which comes 

the neareſt to Light of any Colour. And this is confirm- 
ed by Experience; for the white Colour of Eſtamps Sand 
is found ro conſiſt in this, that every Grain does thus re- 
flect any Ray of Light all Ways. For when we look up- 
on any of the Grains with a Microſcope, they have no 
Colour at all, but are tranſparent, like ſmall Pieces of 
Chryſtal of all Shapes, or like little Diamonds which af- 


or Refractions in their Interſtices, | are made up of ſmall Plates, the 
then they conſtiture a tranſparent | moſt of which are of ſomeinterme- 
Body. But if their Interſtices be ſo | diate Thickneſs, are therefore Blue, 
large, and filled with ſuch Matter, or | Green, Tellow, or Red, viz. by re- 
fo em 22 to the Den- | flecting not all the Rays of that 
ſity of the Parts themſelves) that | Colour, but more of thoſe than of any 


io Od Eat att; at. ens. Ys ß 
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there are ſeveral Reflexions and Re- 
fractions made within the Body, 
then that Body is Opake. (See Art. 5. 
#bove) Further, thoſe opake Bodies 
which are made up ot the thinneſt 
ſmall Plates of all, are Black; and 
thoſe that are made up of the thick- 
eft ſmall Plates, or of fuch as are 
of very different Thickneſſes, and 
are therefore fitted to reflect all Co- 
lours; ſuch as the Froth of Water, 
theſe are V/hite ; and thoſe which 


a 


other Colours, the greateſt Part of 
which other, they either ſuffocate, 
and by intercepting them, extinguiſh 
them quite, or elſe they tranſmit 


them; whence it is, that ſome Li- 


_ (for Inſtance, an Infuſſon — 
ignum Nephriticum) appeared R 

or Yellow by a flees Lit ht, and 
Blue by a tranſmitted Light; and 
Leaf-Gold _ Yellow when 
looked upon, but Green or Blue when 


| looked through. 


ford 
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ford ſuch a Paſſage to the Light, that they refleCt it all 


Ways in the fame manner as they received it. 


We may further conjecture, nay, we may be aſ- 55.7% 
ſured, that the Eſſence of Whiteneſs 7 in nothing elſe FP omzhneſe is 


but the Roughneſs of the white Boay, 


ufficient to 


we conſider, that cauſe V Phire- 


we cannot make ſome Bodies rough, but they will alſo 4+ 


become white at the ſame Time, nor take away their 
Roughneſs, but we mult likewiſe take away their Kallen. 
Thus Goldſmiths make Silver white, by putting it firſt 
into the Fire, to take off all the Droſs and Dirt which 
ſoils it; and then dipping it in boyling Water, into which 
they caſt a certain „ uma of Tartar and common Salt 
(which are corroſive Bodies, and proper to make the Su- 
perficies of Silver rough and uneven.) And to take off the 
Whiteneſs, they do nothing more but rub the Silver with 
what they call a Blood-ſtone, which is very hard and 
ſmooth ; which by preſſing upon the Part it is applied 
to, muſt neceſſarily depreſs the Parts which ſtick up, and 
raiſe the Parts which fink in, that is, take off the Rough- 


nels. 
56. As we take it for granted, that a white Body does 


56. 'Vhy @ 


not abſorb any of the Rays, but that its Superficies re- , ce 
fleas them all Ways indifferently, it follows, that we can- viewed every 
not place the Eye any where, but that it will receive pret-- Y. 


ty near the fame Number of Rays as if it were placed 
any where elſe; and conſequently the Body ought to ap- 

white from what Side ſoever it is viewed. But the 
Caſe of plain poliſhed Bodies, ſuch as Looking-Glaſſes, is 
different; for when they receive the parallel Rays of Light 
from one Side only, they can reflect them to the other 
Side only, where they may dazzle the Eye, but they will 
not reflect Rays to any other Part. 

7. As Black is contrary to 7#hite, there is no doubt 
but that the Eſſence of Blackneſs conſiſts in the contrary 
to that of Whiteneſſ, Wherefore, as it is neceſſary, in 
order for a Body to look White, that it ſhould reflect the 
Light which falls upon it towards all Parts in the fame 
manner as it receives it, ſo that there can be no Place, 
but that a ſufficient Quantity of Rays muſt affect our 
Eye: So likewiſe ought we to think, that in order to per- 
ceive Blackneſs, there muſt come no Rays at all to the 
Eye; and conſequently the Bodies which we call Black, 
and which appear ſo to our Senſes, abſorb all the Rays in 
ſuch a manner, that they reflect none of them to make 


any Impreſſion upon the Eye: And becauſe a Body can- 


not deſtroy the Motion of another Body, but by gaining 
| It 


$7. Of the 


Nature o 


Blackneſs. 
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it it ſelf, it is eaſy to conceive, that the Parts of Black Bo- 
dies are very fine and broken, ſo as to be eaſily ſhaken. © 

58. a F8. this is confirmed from hence. Firſt, That 
Sade d Darkneſs, that is, thoſe Places where Bodies having no 
are nor Black, Light falling upon them, can reflect no Rays to the 
do yet appear Eyes, 1 4 Black. Secondly, Shadows, or thoſe Pla. 
K.. ces, 2 bo reaſon of the Interpoſition of ſome opake 

Body, do not receive the Rays of Light from the lumi. 
nous Body, or receive but a few of them, appear Blacl. 
Laſtly, 4 NN Body, which does receive a great 
many Rays of Light, but reflects them to the Side op- 
poſite to us, = Black. 

59- m 59. Theſe Things being allowed, it will not ſeem ſtrange, 
7 Yood when that Flame which is ſo bright, ſhould convert White Wood 
« Coal, turns into a Black Coal. For it is manifeſt, that the Wood has 
Black, loſt a great many of its Particles, which ſerved to nou- 

riſh the Flame; wherefore the greateſt Part of the 
remaining ones are ſo 2 diſunited, and eaſily ſhaken, 
that they abſorb almoſt all the Light that falls upon 


60, That all 60. I ſay, the greateſt Part only are diſunited and ex- 

— ſy to be _ in Motion, and _—t of them ; for it may 

Black, happen, that the fineſt Particles which are on the Out- 

e of the Coal, may be like Down to cover the more 

ſolid Parts, and ſuch as are capable of reflecting a ſuffi- 

cient my of Rays of Light: And thus we ſee, that 

after the Fire has carried off all that it can conſume of the 

Coal ; tm remains a great many Parts which com- 

poſe the Cinder, which are pretty ſolid, for they appear of 

a whitiſh Colour. 

eu wb, 61. Becauſe the Particles of Black Bodies are more diſ- 
Black Bodies United than thoſe of White Bodies, it follows, that th 
gbr %% contain leſs of their own proper Matter in the ſame B 

weigh {ez ... than theſe other. And becauſe the more a Body has of 

heavy Matter, the heavier ought it to weigh, efore 


I. Appears Black) This is taken | are applied, of a Black Colour, be- 
out of Ariſtotle's firſt Book of Colours. cauſe the very ſmall Particles of the 
| Chap. i. There are three V Vays that | Coal, the Number of which is very 
Black appears to ws. VVhere we | great, eaſily cover over the groſſer 
cannot ſee at all, it is naturally Black. rticles of other Bodies. But this 
Or where there is no Light broughs — concerning the Nature of 
to our Eyes. Or where the reflected ackneſs, in general is very much 
Light is very rare and ſmall; and | confirmed from hence, viz. that 
thns Shadows ar Black. Black Bodies are ſooner heated; and 
2+ Diſunited and eaſily ſhaken) | it wetted, grow ſooner dry than 
And very eaſily and ſtrongly | White, as is confirmed by certain 
make Bodies, to which they I Experiments. See Art. Ga. 


we 


we 5 — r 
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t to conclude, that cærerit paribus of two equal 
_—_— one Black, and the other White, the latter 
ought to weigh more than the other ; Wherefore the Wood 
ought to weigh mere than the Coal; and a piece of White 
Marble more than a Piece of Black, of the ſame Bigneſs. 

62. Having thus explained the Nature of White and 62-777» the 
Black, we ſhall eaſily underſtand the Reaſon why the Rays B 25 , 
of the Sun coll by a Convex-Glaſs, will not burn at by  Conex- 
all, or burn with greater Difficulty Vbhite Bodies; but will 37 = 
calily kinale Black Bodies, though they be both combuſlti- er than 
ble. For it is evident, that the White Body which re- 4 4 
flects all the Rays that fall _= ir, is not ſhaked bß 
them, and that the Black y which abſorbs and 
choaks all the Rays, therefore abſorbs them becauſe 
it receives all their Motion ; by which Means it begins to 
grow hot, and at laſt takes Fire. 

63. Hence we ſee the Reaſon of a Fact which we gz. LN 
ſhould not know but by Experience; which is, that e 
White Bodies weary the Sight, and Black ones refreſh it. Sighe, and 
For we cannot look upon White, but we muſt receive the BA Ones 
Impreſſion of a great Quantity of Rays, which fatigues the . . 
Sight, whereas we ſee Black when no Rays come to us, 
which refreſhes it. 

64 From all which it follows, that thoſe Bodies are 44. * 
the A which reflect all Ways, and with the fame 0 et. 
Force, all the Light which falls upon them; and on the % Rades of 
contrary, that thoſe Bodies are the blackeſt, which abſorb . 
the Light the moſt that can be. Such we have reaſon to 
believe black Velvet to be, becauſe the ſmall Threads of Silk 
of which it is made, are like Briſtles, and fo placed as to be 


as rough as poſſible; wherefore it is the blackeſt Thi 
F in the World. ; wa 
4 65. As to the Modifications of the Rays of Light, 65. Of the 
f 
e 
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which excite in us the Senſation of other Colours; as — * at 
Red, Tellow, and Blue, we ought to think that they conſiſt 
in this, viz. that the ſmall Globules of the ſecond Ele- 
ment, which compoſe the Rays that are reflected from 
all ſuch Bodies, have not ſo much Force or ſo great a Diſ- 
1 to go on in a ſtreight Line, as the Globules of the , 
ays which are reflected from white Bodies, and therefore 

inſtead thereof, they are ſome way turned about their own | 
Centers; and ſo part of the Force which they had be- 
fore to go on in a ſtreight Line, is beſtowed upon this 
Motion. Which may be juſtified from hence, that we 
daunot conceive What other Alteration than this can hap- 

| Pen 


— 


ROHAULT's SYSTEM 


Part I 


pen to the Rays of Light, in ng through 2 a trian- 
gular Glaſs Priſm; and yet we fee, that by going through 


this Priſm, 
of Red, Tellow, and B 


1. A triangular Glaſs Priſm) Becauſe 
the Experiments of a triangular 
iſm, are as it were the Touch- 
ſtone by which every Hypotheſis, 
and every Theory, concerning the 
Nature and Properties of Colours, is 
to be examined and tried ; I ſhall 
not think it roo much trouble briefly 
ro. enumerate here the principal 
Phænomena as they are explained 
by the famous Sir Iſaac Newton all 
along in his Opticks. 1. Then, the 
Rays of Light tranſmitted through 
a Priſm, paint an Image upon the 
oppoſite Wall, diſtinguiſhed into va- 
rious Colours, the Chief of which 
are, Red, Yellow, Green, Blue, and 
Violet. 2. This e is not round, 
but when the Angle of the Priſm is 
about 60 or 65 Degrees, five times 
as long as it is broad. 3. Thoſe 
Rays which make a Yellow Colour, 
deviate more from a ſtreight Line, 
than thoſe which make a Red; and 
thoſe which make a green Colour, 
deviate more than thoſe that make 
a Yellow,&c. and thoſe which make 
a violet Colour deviate moſt of all. 
4+ If the Priſm, thr which the 
Rays are tranſmitted, be ſo turned 
about its Axis, that the Red, Yel- 
low, Green, &c. Rays fall in order 
through a ſmall Hole upon another 
Priſm, about twelve Foot diſtance, 
and be turned another Way ; the 
Yellow, &c. Rays, though they fall 
with the ſame Incidence upon the 
ſecond Priſm as the Red do, yet 
- they will not be turned upon the 
fame Place as the Red, but will be 
carried further towards that Part, 
to which the Refraction is made. 
Further, if in the Place of the ſe- 
cond Priſm they be received by a 
Glaſs that is a little gibbous, the 
Yellow, Green, &. Rays, every one 
in their Order, will meet in a Fo- 
cus ſooner than the Red. 5. The 
Colours of the coloured Rays, well 
ſeparated, (the manner of doing 
which, may ſee in Newt. Opt. 
p. 54, &c.) cannot be deſtroyed, nor 
any Way altered by repeated Re- 
fractions. 6. The Colours of co- 
loured Rays cannot be at all altered, 


they are * exciting in us the 


66. But 


ng through a Place that is 
| gp — by croſſing each other; 
nor by the Confines of a Shadow; 
nor by reflecting them from any 
Bodies in a Place dark ey 
where elſe. 7. All the coloured 
Rays together, collected, either by 
ſeveral Priſms, or by a Convex or 
Concave-Glaſs, make White; but 
when ſeparated, after croſſing each 
other, all exhibic their own 
Colour. 8. If the Rays of the Sun, 
fall upon the inward Superficies of 
the Priſm, with the greateſt Obli- 
liquity that any of the Rays can be 
tranſmitted at, thoſe that are refle&- 
ed will be Violer, and thoſe which 
are tranſmitted will be Red. 9. If 
there be two Priſms, the one filled 
with a red r, and the other 
with a Blue; the two Priſms clap- 
together will be opake, though 
if they be both filled with a red or 
blue Liquor, they will be cranſpa- 
rent when cla together. 10. All 
natural Bodies, but eſpecially White, 
when looked at through a Priſm, 
appear to be bordered on one Side 
with a red and yellow Colour, and 
on the other Side Side with a Vio- 
let and Blue. 11. If two Priſms be 
ſo gue that the Red of the one, 
and the Purple of the other, be 
mixed on a fitted Piece of Paper, 
ſurrounded with Darkneſs, there will 
be a pale Image; which if it be 
looked upon a third Priſm 
at a due Diſtance, will appear dou- 
ble, Red and Purple. 12. So like- 
wiſe, if two Sorts of Powder, the 
one perfectly Red, and the other 
perfectly Blue, be mixed together, 
and any ſmall Body . be dawbed 
chick with that Mixture, it will 
a to the Eye chrough a Priſm, 
— two Images, à red and 2 
blue One. 

Theſe are the moſt general Phæno- 
mena of the Priſm; (to reckon u 
all che Particulars which are wo 
obſerving, would be endleſs) from 
which it appears at firſt Sight, that 
the Colours cannot conſiſt in the 


rurnin g round of the Globules only , 
according to Cartes, nor in the O 
Jiquity 


* 
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66. But for the clearer underſtanding 


hereof; let the 


gde BC of the Priſm ABC be covered all over with 


ſme opake Body, 


except the Place DE, where there Lg p, 
ſiug through a 


; to be a Hole in the opake Body for ſome of the Rays 
Fl. GL, coming from the Sun FG to pals through ; 


ſiquiry of the Pulſes of the ztheri.] 
Matter, as Mr. Hook thought, Ai 

crog. Obſer. 9, nor in the Light being 
thick and rare or ſlower moved; as 
the famous Barrow conjectures, 
Lf, 12. towards the End. But 
theſe and all other Phanomena of 
Colours, are very eaſily and clearly 
explained, by the true Theory of 
that incomparable Perſon ſo often 


cited. 


For - Firſt. The Rays of Light. 


tranſmitted through a Priſm, paint an 
Image upon the oppoſite Wall, diſtin- 
alles into various Colours: Becauſe 
the coloured Rays are ſeparated by 
Refraction. — the blue — 2 for 
Inſtance, marked with 

Tab. XXII. the prick'd Line,which 
Fig.1. Fig. 2+ begin to be ſeparatedin 
the Side ca of the Priſm abc (and 
ao in the firſt Superficies of the 
Globe of Water abc) from the reſt 
by the firſt Refraction in dd; are ſe- 
parated ſtill more in bc, the other 
vide of the Priſm (and alſo in co- 
ming out of the Globe abc) by a 
ſecond Refraction towards 

Fig. 4. the ſame part in ee : But, 
Fig.3, on the contrary, in the 

: plane Glaſs abef (and al- 
ſo in the Friſm g/o placed in ano- 
ther Situation, the blue Rays, which 
begin to be ſeparated from the reſt 
in the firſt Superficies in dd, go out 
parallel in the other Superficies, the 
Retraction being made the contrary 
Way, that is, they are mixed 
— with the Colours of the other 

ys. 
Secondly. This Image is not romnd, 
but about five times as long as it is 
lad: Becauſe ſome Rays are more 
retracted than others, and therefore 
they repreſent a great many Ima- 
es ot the Sun like one Image drawn 
into a great Length. 

Thirdly and Fourthly. Thoſe Rays 
which make a yellow Colour, deviate 
more from a ſtreight Line, than thoſe 
which make a Red, and thoſe which 
make a green Colour, deviate more 
than thoſz that make a Teliow, &c. 
and thoſe which make a violet Co- 
ur, deviate moſt of all: And fſur- 


which, 


ther, if the Priſm through which the 
Rays are tranſmitted, be ſo turned 
abont its Axis, that the Red, Tellow, 
Green, &c. Ray$\ fall in order thro* 
a ſmall Hole other Priſon a- 
bout twelve Foot diſtance, and be 
turned another Way; the Tellow, &c. 
Rays, though they fall with the ſame 
Incidence upon the ſecond Priſm as 
the Red do, yet they will not be turn- 
ed uon the ſame Place as the Red, 
but will be carried further towards 
that Part, to which the Refradtion is 
made. Further, if in the Place of 
the ſecond Priſm, they be received by 
a Glaſs that is a little gibbous, the 
Yellow, Green, &c. Rays, every one 
in their order, will meet in a Focus 
ſooner than the Red: Becauſe the 
YellowRays are more refracted than 
the Red, and the Green than the 
_ and the Blue and Violet moſt 
of all. 

Fifthly and Sixthly. The Colours 
of the coloured Rays well ſeparated, 
cannot be deſtroyed, nor any Way al- 
tered, by repeated Refractions, nor 
by paſſing through a light Place, nor 
by croſſing each other, nor by the Con- 
fines of a Shadow,nor by reflecting them 
from any natural Bodies, in a Place 
dark every where elſe : Becauſe their 
Colours are not Modifications arifing 
from Refraction, but immutable: 
Properties belonging to their Na- 
ture. 

Seventhly. All the colonred Rays 
together, collected either by ſeveral 
Priſms, or a convex or concave 
Glaſs, make White ; but when ſepa- 
rated after croſſing each other, they 
all exhibit their own Colour For as 
the Ray, before it was divided into 
ſeveral Parts by Reftaction, was 
White; ſo by thoſe Parts being 
mixed together again, it becomes 
White again; and the coloured 
Rays, when they unite, do not de- 
ſtroy one another, but are only mix- 
ed together. And hence. it is, that 


Red, Vellow, Green, Blue, and Violet 
Powders mixed together in a certain 
Proportion, are fomewhat Whitiſh; 
that is, are of ſuch a Colour as aris 


ſes from a Mixture of White and 
Q Black, 
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which, according to what was ſaid before, will be refract. 
ed in ſuch a manner, that the Ray FI will tend towards 
M. and from thence to N, and GL will go to O, and 
from thence to P. Whence it is to be obſerved, that 
FL, GL are therefore turned out of the Way in this 
manner, becauſe the ſmall Globules ar their entring into 
the Glaſs, find an eaſier Paſſage this Way, that is towards 
the right Hand, than towards the Left. Thus for in- 
ſtance; Let STV be one of theſe Globules, we muſt 


Black, and would be entirely White, 
if ſome of the Rays were not 
ſorbed : So likewiſe if a round piece 
of Paper be painted with all thoſe 
Colours diſtin& from each other, and 
in a certain Proportion, and then 
turned very quick round upon its 
Center, that by the Swiftneſs of the 
Motion, all the Species of Colours 
may be mixed together in the Eye; 
the particular Colours will immedi- 
ately vaniſh, and the Paper will look 
all of one Colour, which is a Medi- 
um betwixt White and Black. 

Eighthly. If the Rays of the Sun 
Fall npon the inward Snperficies of 
the Priſm, with the greateſt Obliqui- 
ty that any of the Rays can be tranſ- 
mitted at, thoſe which are reflected will 
be Violet, and thoſe which are tranſ- 
mitted, will be Red: Becauſe the 
Rays, fince they were coloured be- 
fore they were refracted at all, and 
the more they are capable of being 
refracted, the ſooner are they re- 
flected alſo; are ſeparated in this 
manner. 

Ninthly. If there be two Priſms, 
the one filled with a Red Liquor, and 
the other with a Blue, the two Priſms 

ed together, will be opake, tho 
if they be both filled with a Red or 
a Blue Liquor, they will be tranſ- 
parent when clapped together Be- 
cauſe one of them tranſmit none 
but Red Rays, and the other none 
but Blue, therefore when put toge- 
ther, they can tranſmĩt none at all. 

Tenthly. All uatural Bodies, but 
ce white ones, when looked at 
throngh a Priſm, appear to be border- 
ed on one Side, with a Red and Tel- 
low Colonr, and on the other Side with 
a Blue and Violet, Becauſe thoſe 
Borders are the Extremĩties of whole 
Images, which the Rays of every 
Species, according as they are more 
or leſs refracted, exhibit at a greater 
or leſs diſtance from the true Place of 
the Object, | 


Eleventhly and-'Twelfthly, If zo 
Priſms be ſo placed, that the Red of 
the one, and the Purple of the other, 
be mixed on a Piece of Paper fitted 
aud ſurrounded with Darkneſs ; ther, 
will be a pale Image, which if it by 
looked pou through a third Frijm, 
at a due Diſtance, will appear dia- 
ble, Red and Purple: So likewiſe, if 
two Sorts of Powder, the one per- 
ect) Red, and the other perfedh 
Blue, be mixed together, and any 
ſmall Body be dawbed thick with 
that Mixture, it will appear to the 
Eye, through a Priſm, to have 110 
Images, a Red and a Blue one: Be- 

e the Red Rays, and the Purple 
or Blue ones are ſeparated by an 
unequal Refraction. | 

oreover, thirteenthly. If the Rays 
which are tranſmitted through a gib- 
bous Glaſs, be received upon a Pier 
of Paper before they meet in the Fo- 
cus, the Confines of Light and Shady 
will ſcem tinged with a red Colon, 
but if beyond the Focus with a Blu: 
Becauſe in the former Caſe, the Red 
Rays, which are ſomewhat leſs re- 
fracted, are uppermoſt 5; but after 
croſſing in the Focus, the Blue are 


Fourteenthly. If the Rays that 
go through one half of the * be 
intercepted by any opake Body put 
cloſe to the Eye, the Extremities of 
the Oljects beyond, will appear ting- 
ed with Colomrs, as they do through a 
Pri ſus, but not ſo vivid : Becauſe the 
Rays which are tranſmitted through 
the other part ot the Pupil, are ſepa- 
rated into Colours by Refraction, 
and will not be diluted by the Mix- 
ture of the int᷑ercepted Rays, which 


would have been refracted the con- 

trary way: And hence it is, that a 

Body which looked at through two 

Holes in a Piece of Paper, appears 

_— appears tinged with Colours 
0. 
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think that the Superficies AB determines it to move to- 
wards 8, rather than towards V, and conſequently to turn 
about its Center in the order of the Letters STV, which 
it will continue to do the whole Length of the Line 
IM. And becauſe when it is come to M, where it un- 
dergoes a Refraction towards the right Hand; this is a 
Reaſon why it ſhould be turned abour again in like man- 
er; therefore it muſt be acknowledged, that the ſmall 
Globules which come our of the Glaſs towards N, are ſo 
modified, that beſides the Diſpoſition they have to move 
freight along, they have a Diſpoſition 40 to turn about 
their own Centers. 

67. What was affirmed of the Globules of the Ray 67. That the 
FIMN is to be underſtood alſo of thoſe of the Ra —— cau- 
GLOP and of all the other intermediate Rays. But at- — 4 
ter the ſecond Refraction, which is made at the Surface theſe Rays. 
BC, we find on the one Hand, that the ſmall Globules of — me 
he Ray MN are turned about in the fame manner as 
they were at firſt, from a new Cauſe; for the Shadow 
on the Side D ſlackens the Motion of the Globule M on 
the ame Side; and the Rays which are between IMN 
and LOP being ſtronger than the other, preſs upon the 
dde Q of the fame Globule, and becauſe they move the 
ame Way as it turns, they quickens its Motion on this 
Side: And on the other Hand, we are aſſured, that the 
Globules of the Ray GLOP, have the Rotation which 
they had acquired from theſe two Refractions hindred by 
Two Things. Firſt, From the Shadow which hinders 
them on that Side on which they were moſt ſtrongly 
mpelled, and retards their Motion. And, Secondly, Be- 
euſe they are impelled on the other Side, by Rays that 
re ſtronger, and which impreſs a Motion upon them, 
contrary to that of their Rotation. 
68: Having thus conſidered the ſeveral Alterations, and 68. u, 5+ a 
the Reaſons of thoſe Alterations which may happen to 4/edifcations 
the Rays of Light in their Way to the opake Body NP, 4, %% 
we find, that the Globules which fall near N are turned canſe Red and 
mund with a greater Force, than that with which they are mo- Tellow, and 
ted on in a ſtraight Line; and on the contrary, that the. v. 
Globules of the Rays which fall near P, move on in a Fig 3- 
fraight Line; with a greater Force than that with which they 
urn round, their Centres. And, Laſtly, That there inter- 
mediate Rays, about X, have pretty near the ſame Force 
to turn round, as to move ſtraight along. But by Experience 
we find, that we ſee Red in N, Blue in P, Yellow in X, 

Orange between N and XN, and Green between X and P; 
| = > whence 
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whence it appears what the particular Diſpoſitions of the 
Globules which compoſe the Rays of Light are, to excite 
in us theſe Senſations. 

69. What the 69. Now there are two Things in the Objects 1 which 

— we call coloured, which may cauſe the fame Modificati- 

confit in. ons in the Light, as thoſe acquired in paſſing through a 
Priſm. For, Firſt, Their Particles may be fo tranſparent, 
that the Rays of Light may penetrate a little Way into 
them, and be refracted, before they are reflected: Se- 
condly, (and which may produce the fame Effect, and 
be the Cauſe of the Colours of different Objects) Their 
Particles may be ſo ſmall and uneven, that the Globules 
of the Rays of Light which fall upon them, may com- 
municate ſome of their Motion to them, and by that 
Means they may be turned round and reflected back, in 


the ſame manner as a Ball thrown with yur Force up- 
on the Graſs, is ſtopped a little by the Spires and turn- 
ed round. | 
70. That o- 70. Neither can it be doubted, but that ſome of the 
laune Bodies Particles of coloured Bodies are really tranſparent, as ma 
— ee he ſeen by the Help of a Microſcope, in all kinds of Sand, 
tranſparent. F lint-ſtone, Mar ble, Sugar, Silk, Wool, Hair 3 Herbs, and 
an infinite number of other Bodies. 
71. That the 71. And that the Particles are very ſmall and broken, 
Serfaces of is evident, not only from hence, that coloured Bodies ap- 
e lr Bo- Pear coloured when viewed all Ways, but is further con- 
rough by co- firmed from the manner in which Colours are made by the 
loxring them. Dyers. For, ſince Braſil- Wood, Indian-Wood, Indico, vel- 
low-Weed, exc. will not tincture any Thing with a red, 
violet, blue, yellow, c. Colour, unleſs chere be ſome 
Allum mixed with them, we muſt conclude, that this pe- 
netrating corroſive Body inſinuates itſelf into the Pores 
of the Cloth, and dilates them ; whereby there is Room 
made for the Water to enter tinctured with the ſeveral 
Colours, which fink into the Cloth in ſuch a manner, as 
to leave ſome on the Superficies, which cauſes a kind of 
Roughneſs, and makes it capable of all the different Mo- 
difications of Light. | 
92. That th 72. After what has been faid concerning Dying, it is 
Parricles of neceſſary to make one particular Obſervation about Black; 
black Bodies and that is, that becauſe the Roughneſs, in which this 
ken than thoſe Colour conſiſts, muſt be the greateſt that can be, to ex- 
of 99 0:27 tinguiſh all the Rays; therefore in dying Cloth of a Black 
4. Colour, Allum and Nut-galls are not ſufficient alone; 


1. VPhich we call coloured) See above on Art. 52, 
but 
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but there muſt be Vitriol inſtead of Allum, which is more 

corrolive than Allum ; and further, to make the Vitriol 

corrode the more, they put the Cloths to be died into 

the Copper, and leave them for ſome time in the boiling 

Liquor; whereas in dying of other Colours, they only 

op the Cloth ſeveral times into the Liquor, which is but 
warm. 

73- Since the Particles of black Bodies are the moſt ;. 157 
uneven, it is eaſy to imagine, that Cloths and other Stuffs t Cloth 
of this Colour muſt teur and wear ſooner than thoſe of 11,79” 
any other Colour. 

74- Further, if we conſider, that the darkeſt Colours 74. 1 
require that the Particles ſhould be the ſmalleſt that can 4%, of 4g4r 
be; it is evident, that we may eaſily make a light Picce 92 
of Cloth of a dark Colour, becauſe it requires only to Colenrs, lat 
have its Superficies made rough; but becauſe it is very 2 te can. 
difficult to make it ſmooth again; therefore Cloth of a 
dark Colour, can very hardly be died of a Lighter. 

75. Now, when I ſpeak of the Particles of coloured 77. 7 is noe 
Bodies, I mean only the very ſmalleſt of all; many Hun- 2 27 
dreds of which may be united together differently, in or- ſame Colour 
der to compoſe groſſer Parts which may be of very dif- Herd have 
ferent Figures, in the ſame manner as different Buildings Take. 1 
may be formed of Bricks, which are all alike. Thus we 
know, that coloured Bodies act upon the Eyes by their ſinal- 
kſt Particles, and upon the Tongue by thoſe which are /ar- 

ger, and compoſed of the other; whence we conclude, 
that Things of the fame Colour have not neceſſarily the 
ame Taſte. 

76. Since there are two Sorts of Particles in the fame 75: Zy aller- 
Body, this ſhows us, that if we make any Alteration in 2 —p_rwuy 
the ſmaller Sort, the Colour muſt be changed likewiſe. of »y Bay 
And fo we experience it in Herbs bruiſed in a Mortar; and e 7s 
in Colours which Painters grind upon a Stone, ſuch as * 4. 
Vermilion and Orpiment. But if the Body be ſuch, that 
the ſmalleſt Particles of it cannot be altered, neither can 
the Colour be changed; as we ſee in ſome Paints, which 
are not fo eaſy to be altered as thoſe mentioned; eſpecially 
23 Herbs, whoſe Particles have before a proper —— 
of their own, as being in ſome meaſure liquid, which 
helps to daſh them againſt each other, and to ſe- 
parate them into ſialler Particles, than they would o- 


therwiſe be. 
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77. How 4 77. From what has been ſaid con coloured Bo- 


of the Colour of that Body from which it recei 
Rays. ; 
58. A curi- 78. We may be convinced of this by a very curious 
«4s Experi- Experiment, which it is not very difficult to make. The 
8 Way of doing it is this. Let all the Windows of the 
Room be ſhut up cloſe, except a very ſmall Hole, through 
which the Rays reflected from the Objects on the out- 
ſide, may enter in; then let the Rays fall upon a white Cloth, 
or any other white Body, and it is pleaſant to ſee the diffe- 
rent nz = the Objects SE are painted — ” it. 
the This riment per may raiſe a Difficulty in 
in Fu, Minds of tome, who — = fg that different 
2 Rays, and differently modified, paſſing through the ſame 
mitted tho Hole, muſt hinder one another, and confound their re- 
one Fee ſpective Actions: But it will not be hard to get clear of 
Ten e, ch Difficulty, if they conſider in the firſt Place, the vaſt 
each others number of Pores that there is in the leaſt Quantity of 
Hes. Air, or of any other tranſparent Body, which afford a 
Paſſage for an infinite number of Rays, if I may 6 
ſpeak, without diſturbing one another. But that which 
is principally to be conſidered, and which takes away 
the Difficulty intirely, is, that the Light, or the Co- 
lours, does not conſiſt ſo much in actual Motion, as in 
a Tendency to Motion, or a Preſſure. Now it is eaſy 
to apprehend, that an infinite number of theſe ſort of 
Actions, different from each other, may be tranſmitted 
through the fame Point without confounding one ano- 
— V. ther. For inſtance, ſuppoſe a Force equal to a hundred 
"5+ Pound Weight, applied to the Point of the ſtraight 
Line AB, puſhing it towards B, where we * 0, 
that there is a Body able to reſiſt this Force. e Line 
AB could not move at all according to the Direction of 
AB, much leſs can it bend towards C or D, becauſe 
it is ſtraight; but the leaſt Force that can be, will bend 
it towards any Side whatſoever. 'Thus if any Force in C 
puſhes it by E towards D, if it be but the Force of 
one Pound, it will bend it towards D : But if we fuppoſe 
another Force in D which can reſiſt that of a cr 
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this will hinder the Line AB from bending; ſo that the 
Force which is at A, ſhall tranſmit its Action whole and 
entire to B, without being diſturbed by the Force which 

is at C: and the Force which is at C ſhall tranſmit its 
Action to D, without the leaſt hindring the Continuance 
of the Action along AB. So likewiſe we may imagine 

a Force at F equal to five Pounds acting upon 2 Bod 

at G. The ſame Point E therefore may ſerve to tranſ- 
mit = many Actions as we will, without at all confound- 
ing them.” 

80. After what I have already faid; I have but one 90. Thar co- 

ing more to remark concerning the Diſtinction that is % 7 7% 
uſually made of Colours; viz. that ſome of them are gies, ut 
true or real Colours, ſuch as thoſe of Tapiſtry, and o- e and 
thers falſe or ſeeming Colours only, ſuch as thoſe ſeen * 5 
through a Glaſs Priſm. But I don't ſee any Foundation for Colt. 
this Diſtinction, becauſe the Reality is juſt the ſame in 
each of them: For if the Senſation of Colour which we 
have upon viewing a Piece of Tapiſtry be real; that 
which we have in looking through a Priſm is as real; for 
the Priſm is as real a Thing as the Tapiſtry. And in- 
deed it is the ſame Light which cauſes us to perceive 
the Colours through the Priſm, as cauſes us to perceive 
the other. 

81. If any one, in order to ſupport that Diſtinction of 5. 7%! we 
Colours which we have juſt now rejected, replies; that — 
there is at leaſt ſome falſe Appearance in looking through a! Coloars, 
a Priſm, becauſe we apply the Colours that we ſee, to 
Objects where they are not: To this I anſwer, that the 
Fault is not in our Sight, but only in the Judgement 
which we make afterwards. And if this were ſufficient 
to conclude, that theſe are falſe Colours; we may 
for the ſame Reaſon ſay, that all other Colours are 
falſe likewiſe, becauſe we equally falſely refer the Sen- 
ſations which are cauſed in us by them, to the coloured 
Objects. 

82. Nor have they ſucceeded any better, who owning 82-Thae 
all Colours to be equally real, have yet diſtinguiſhed them [777 2.9%, 
into ww and flying; giving the Name fixed to thoſe for fin- 
which the other called real; and the Name flying to thoſe 3% = 
which the other called falſe : For if the Eye continue ne- 4 — 
ver fo long applied to the Priſm, and during that Time 
the Light intervene in the ſame manner, we ſhall always 
ſee the fame Colours; fo that theſe are no leſs fixed and 


durable, than thoſe of a Piece of Tapiſtry. 
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. et 83. All the Difference that is to be found in the Ob- 
Difference a jects that raiſe in us any Senſation of Colour, is only this; 
all between that ſome of chem, ſuch as the Priſm, ſeem to require 
#,-o: 914 that the Eye ſhould be fixed in a certain Place, out of 
" Which there is nothing to be ſeen; whereas others, ſuch 
as Tapiſtry appear of the fame Colour, which way fo 
ever they are looked upon. However, if we conſider the 
Matter a little more cloſely, it is certain, that the Priſm, 
and the Tapiſtry, agree in this; that the ſame Parts of the 
Tapiſtry which reflect the Light to the Eye when it is 
in any certain Place, does not reflect the ſame to it, 
when it is removed ever ſo little out of that Place; 
and the only Reaſon why we perceive the ſame Colour 
when we change our Place is, becauſe inſtead of theſe 
Parts, thoſe Parts that are next to them, and which are 
exactly like them, reflect the Light in the ſame manner. 
If therefore the Eye were fixed in one certain Poſition, 
from whence it ſhould ſee ſome particular Places of the 
Tapiſtry of ſome particular Colours, and God ſhould 
annihilate all the other Parts of the Tapiſtry, ſo that 
they could not at all reflect any Light ; in the Place 
where the Eye is, it would continue to ſee the ſame Co- 
Jours, but if it ſhould change its Place, they would im- 


— diſappear. 


84. Of the 84. This being well underſtood, there will be no great 
3 Difficulty in explaining thoſe Colours which we call 


Changeable, ſuch as we obſerve in a Ducks Neck, or in 
a Pidgeon, or in a Peacock's Tail: For it is eaſie to con- 
ceive, that the Parts of theſe Bodies are placed in ſuch 
order, that thoſe of them which are proper to modify 
the Light after one particular manner, are diſpoſed to re- 
flect it to one certain Place; and thoſe that modify it 
in another manner, reflect it to another Place. us, 
if the Eye be in the Place where the Rays come, 
which cauſe the Senſation of Red in us, then the Ob- 
ject appears Red, and if it be placed where the Rays, 
_ cauſe Yellow are reflected, the Object appears 
ellow. 

85. Aen. 85. This is confirmed from hence; that Workmen have 
pariſmm of found out a Way to make Stuffs of a changeable Colour, 
— cr „ by making the Warp of a Light Colour, and the Szriking 
Things made Of a Colour not quite ſo Light : But what moſt reſem- 
by Art. bles the Objects to which we aſcribe theſe changeable 
Colours, are thoſe channell'd Tables which repreſent 

different Sorts of Things, according as they are viewed 

from different Places: For one of theſe Tables, when 

| ir 


Colours, 


— 
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it is looked directly upon, repreſents a Cæſars Face; when 

looked upon on the Right Side, it repreſents a Cat, and on 

the Left Side a Skeleton. Thus, as they are different 

Parts of the Table which make theſe different Repreſen- 

tations, ſo likewiſe are they different Parts of the Pidgeon 

which cauſe us to ſee different Colours. | 
86. If after what has been ſaid concerning the Nature 86. The re- 

and — — of Light and Colours, there remains any 7" 3 

further Difficulty, it will be ſolved afterwards, when we 2 = 

have K examined the Nature of Viſion: And Colowrs can- 

this is what [ ſhall proceed to; which I the more 5 Ua 

readily do, becauſe che following Parts of this Treatiſe have explain- 

of Natural Philoſophy, depend, in ſome meaſure, upon £4 'be 

Obſervations made by the Help thereof, fo that it is ith 

neceſſary to know all the Circumſtances, of this Sort 

of Senſation, which is the moſt wonderful of any that we 

are poſſeſſed of : I ſhall begin with a Deſcription of the 

= and to avoid Tediouſneſs, I ſhall mention only thoſe 


ngs which belong particularly to this Subject. 


C HAP. XXVIII. 
A Deſcription of the EYE. 


HILST the Eye is incloſed in the Head of any . Of the 
Animal, the Bones which ſurround it, hinder us — of the 
from ſeeing what Figure it is of; but when it is taken Tab. v. 
out, we find it is round, and ſuch as is repreſented in Fig- 5+ 
the 1 ABCDEF. FABC is the fore- part of it, or ' 
that which ſticks out; CDEF that part which is incloſed 
in the | N Bone of the Head. Fae, 
2. is a tranſparent Part of that partic of 2. Of the 
the Eye, which is called the Tunica * 3 Woe 
3. BCDEFA is the reſt of this Covering, the Parts of 3. of rh 
which, that are next to A and B, are called the White of m joins 


to it, or the 


the Ey = g VL Vhize of the 
4. AILB is the Tunica Uvea, in which there is is a Hole He. 
IL, which is called the Pupil. 4: of — Th 


* MN, MN, are certain black Filaments, which are and the Pu- 
the Ciliary Ligaments ; there is a certain ſoft and %%, 8 
tranſparent Body called the Chryſtalline Humour which is , ic 
ſuſpended upon them. | ments. 
6. The Space is filled with a tranſparent Liquor, 5.0% 1 
which is very fluid like Water, and for that Reaſon is called d. 
the Aqueous Humour. 7. NONP 


234 ROHAULT's SyYSTEm Part I. 
Z. te y. NON is a tranſparent Body of the Figure of a 
— Lens, a little more convex on the ene PN than 
on NON, which, becauſe it is a little hard, is called zhe 
Chryſtalline Humour. | 
8. Of the /i= 8. The reſt of the Cavity of the Eye RRR is filled 
rreons Ha- with a ſlimy Matter, almoſt like the White of an Egg. 
which is more tranſparent than either the Aqueous or t 
Cryſtalline Humour, and is of middle Conſiſtency betwixt 
them, (for it can eaſier be compreſſed than the Chryſtalline, 
and yet it is not ſo fluid as the Aqueous Humour ;) and 
this is called the Vitreous Humour. 
9. Of the Op- , 9. tens is a Part of the Optict pay whoſe Ca- 
i Nerves pillaments TS, beginning in the Brain, reaChing tothe 
_ 18 ye, form at 12 — of it a curious Piece * Net- 
work which Phyſicians call the Retina. 
10. That th 10. 1 ſely forbear mentioning the Number and 
Inſide of — Names of the ſeveral Coats with which the Eye is co- 
Exe #4 ae, vered, becauſe they are not of any particular Uſe in ex- 
plaining the Nature of Viſion ; but I muſt not omit to 
rake notice, that the Superficies of theſe Coats are all 
_ in thoſe Places which are over-againſt the Bottom of 
ye. 427 | 
11. Of the II. The whole Body of the Eye is encompaſſed with 
Muſcles of {ix Mu ſeles, four of which are called Right, the other 
the Fee two Oblique. Every Nerve, which is thought to be the 
Original of the ſeveral Right Muſcles, is derived immedi- 
ately from the Brain, from whence it comes along through 
a little Hole in the Bone of the Head, and divides it 
' ſelf into theſe Muſcles, every one of which is inſerted 
into ſome Part of the Coat of the Eye, ſuch as that here 
marked F, in ſuch a manner, that of theſe four Muſcles, 
the Firſt is above, the Second below, and the other Two 
on each Side this Coat. And as the oblique Muſcles have 
their Origin alſo in the Brain, their Nerves are bent round, 
ſo that they ſeem to come from that Corner of the Eye 
which is next the Ear, and one of them ſpreads over t 
Top, and the other along the Bottom of the Eye, and fo 
croſs the four right Muſcles, and then are i into 
the Bone of the Noſe. | 
12. 1e Uſe 12. There is no one Muſcle in the whole Body, but 
ef the Aa- what is ſometimes filled with a certain Liquid like very 
27 % thin and fine Air, which comes to it from the Brain along 
eo a , 1 
; the Nerve which belongs to it. This Liquid is what 4 8 
ſicians call the Animal Spirits, which cannot ſwell the 


Muſcle without ſhortning it or leſſening the Length be- 


I'S w 2 


ON T S8 JF. 


Or. 


r &. O40 ES. ©. 1% & 
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twixt the Origin and the Place into which it is inſerted. 
Thus when the right Muſcle which is above, is filled 
with Spirits, the Eye muſt neceſſarily be lifted up, and 
when the Three other right Muſcles are filled in their 
Turns, they ſerve either to turn the Eye downwards, or 
to the Right, or to the Left Side. But what is very 
remarkable here, is, that if theſe four Muſcles be filled 
all at the ſame time, they will alter the Figure of the 
Eye a little, and make it flatter than it was before. But 
as to the oblique Muſcles, I am not of the fame Opi- 
nion with thoſe Phyſicians, who ſay, that they ſerve to 
turn the _ round like a Pulley : I rather think, that 
they are filled both together with Spirits, and by that 
Means ſhortned, and ſo they preſs upon the Eye and al- 
ter its Figure, in ſuch a manner, that the fore-part of 
it is made more gibbous, and the hinder-part ſunk a lit- 
tle deeper in, and this makes a greater Diſtance between 
the Chryſtalline Humour and the Retina. 
Pe To theſe r of the * we may add, 2 z = That the 
upil is capable of dilatin contracting it ſelf. g cz 
And = we find, that it — it ſelf, when we are in ae * 
Places where there is but a little Light, and when we 
try to look at a great Diſtance; and on the other Hand, 
it contracts it ſelf when we are in a very light Place, or 
look at an Object very near. 

14. Laſtly, we may obſerve, that if the two Optick , 14,9 14s 
Nerves be purſued to the Origin of them, we ſhall find, Nerves. 
that after they come into the Skull, they approach nearer 
and nearer to each other, till at laſt their Coats are mixed 
together, and they become one and the ſame, but after- 
wards are ſeparated again, and then enter into the 
very Subſtance of the Brain, after which we ſee them no 
more. Wherefore to add any Thing further about this 
Matter, would have no Similitude of Truth ; unleſs it 
were to account for certain Phænomena which otherwiſe 
cquld not poſſibly be explained. 


CHAP. 
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C HAP. XXIX. 
How Viſion is commonly explained, 


3 RISTO TIL. E has ſaid nothing in particular as to the 
fron, and that manner how Viſſon is performed; for though the 
Ariftodlebss Title of the Seventh Chapter of his Second Book of the 
png Soul, concerning Viſion, ſeems to promiſe treating of this 
Matter fully ; yer he ſays nothing more of it, but only 
this; that the Object muſt act upon the Medium in order 
to have its Action tranſmitted to the Organ of Sight. 
It is true indeed, that he ſays further in the Twelfth 
Chapter of the ſame Book; that in every Senſation we 
receive the Images of the Things, but not the Mat- 
ter, in the ſame manner as Wax receives the Impreſſion 
of the Seal, without retaining any part ot the Seal it ſelf : 
but here likewiſe, what he ſays is as general and looſe, as 
what he faid in the forecited Place; and the Compari- 
ſon which he makes, does not at all ſhow us how fo 
eat a Number of Parts of which the Object is compo- 
ed, can be diſtinctly perceived at the fame Time, nor 
how we can know the Situation, Diſtance, Bigneſs, Figure, 
Number, Motion or Reft of the Objects which are in 
our View. 
"2+ The oh- 2, The Followers of Ariſtotle ſaw plainly, that he fell 
a very much ſhort of teaching what one would wiſh to 
about Viſion, lenow upon this Subject; and this has put them upon 
Tying to find how his Doctrine was to be underſtood. 
us taking the Word Image, which he ſpeaks of in the 
forecited Place, in the literal Senſe ; they affirm, that the 
viſible Object impreſſes an Image upon the Air which 
ſurrounds it; that this Image impreſſes another a little 
leſs upon the Air beyond it, and this impreſſes a Third, 
a little leſs ſtill, and fo they go on till there is one im- 
preſſed on the Chryſtalline Humour of the Eye, which 
they pretend is the principal Organ of Viſion, or that 
Part of the Body which the Soul makes immediate uſe 
of to cauſe Senſation. Theſe are what they call inten- 
tional Images or Species; and in order to explain their Man- 
ner of Production, they ſay, that the Objects cauſe them 


in the ſame manner, as our own Image is produced in a 
Looking-Glafs. F 


3. From 


beet nal. en. i  .. W 


tranſparent Things that we know of in the World, can- 
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3. From what has been already ſaid, it ſufficiently ap- 3. Thar ths 
pears, that I agree with Ariſtotle himſelf; but I can by 2 f 
no Means come in with his Followers in this Thing of elan the 
their intentional Species, the Nature of which ſeems to me Natmre of | 
inconceivable, and has all along put their Underſtandings e fag 
upon the Rack. Andit is a mere Sophiſm to pretend to 

eſtabliſh their Opinion u the Inſtance of a Looking- 

Glaſs, becauſe reflected Images are harder to be explain- 

ed than direct. 

4. There is no need of mentioning all the Abſurdities 4. . A- 
conſequent hereupon, in order to ſhow that there is no T of. 
ſuch Thing as intentional Species. It ſhall ſuffice only to — 
obſerve; that if They are diminiſhed in the manner they 
ſay, it will follow, that when an Object is ſeen at ten 
Yards diſtance, the Speczes of it is only as little again, as 
When it is ſeen at five Yards diſtance; that is, an Object 
of fix Foot in Length in the one Caſe, will appear of three 
Foot in Length in the other Caſe. Wherefore if the Eye- 
and the Object be within five Yards of each other, it 
can receive but a very ſmall Part of ſuch a Species, and 
conſequently we could ſee but a very ſmall Part of the 
Object ; but this is contrary to all Experience, for we 
can fee ſuch an Object intire at ſuch a Diſtance, nay, at 
a much leſs. If they fay, that theſe Species diminiſh o- 
therwiſe when the Eye is nearer to them, than when it 
is further off; they muſt allow then, that a len, 7 wma 
mate, and which acts neceſſarily, = —_— nder- 
ſtanding enough to rtion its Action, ſo as to per- 
form 2 — — Diſtances. Which be- 
ing abſurd, it follows, that the Foundation upon which 
their Species is eſtabliſhed, is abſurd alſo. 

5. It is not only without Reaſon, but contrary to Rea- 5- That Af. 
ſon, to affirm, that Viſion is 7 rn in the Chryſtalline fond 1d be 
Humour, and that the Vitreous Humour behind it, is of Chryfalline 
the fame Uſe as the Quickſilver behind a Looking-Glaſs, Hor. 
viz. to terminate the Action of the viſible Object: For 
doubtleſs, the Object ought to continue its Action thro? 
the Vitreous Humour, which being one of the moſt 


not reaſonably be compared to Quickſilver, which is very 
_ To this we may add, that ſince the Chryſtalline 

umour is found in both Eyes, and two Species are 
formed by it at the ſame Time, if That were the prin- 
cipal Organ of Viſion, it would follow, that we mutt al- 
ways ſee the Object double, when we look upon it with 


both Eyes at once. 
6. This 
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6. Neither is 6. This laſt Reaſon ſhows alſo how falſe the Opinion 
it performed of ſome Philoſophers is, who affirm the Retina to be the 
in the Retina. principal Organ Vifon. Wig ang 
7.That itis 7. As to the Opinion of thoſe who contend that this 
2 Senſation ariſes from hence, that the Action of the Object 
_— — is carried to the Place where the Optick Nerves meet; this 
tick Nerves is confured by the. Experience of Anatomiſte, who have 
meet, found theſe Nerves ſeparated in the dead Bodies of ſome 

Men, who, when they were alive, ſaw Things in the ſame 
manner as others do. | 


a 
* . = „ 
— — — — 


; CHAP, XXX, 


Of the Paſſage of the Light through the Humonrs 
of the Eye. | 


1. How the T Think that - moſt of thoſe who have endeavoured 


RR to explain the Nature of Viſion, have run into great 
os miPaken Miſtakes, principally from hence, becauſe they attempt- 
apo this Sub- ed too many Things at a Time, and did not obſerve 
jet of jun. any Method or Order : Their Miſtake will be a Help to 
us, if, upon obſerving, that Viſion is a Conſequence of 
the Action of the Object upon both the external and in- 
ternal Organs; we, in the firſt Place, inquire, how the 
Rays of Light, which are the Means by which any Objects 
are ſeen, are received by the Humours of the Eye. 
2. That it is 2. Let us ſuppoſe, for Inſtance, Z. to be the Eye, and 
ſufficient to ABC the Object; there is no Doubt, but that ev 
Fal f, Point, that is, ee 
thoſe many Object, ſends forth Rays all Ways through the Air, to 
e, every Place where it can be ſeen; but uſe thoſe 
every Point Only which paſs through the Pupil are of any uſe to 
ef an Objef. cauſe Viſion, we will examine thoſe only which fall u 
Tad. on that Part of the Tunica Cornea which anſwers direct- 
ly to the Pupil: Thus, in order to examine the Action 
of the Point B, it is ſufficient to conſider ſome few 
5 6 un which come from this Point, ſuch as BD, 


— 2 3. Now becauſe the Ray BD is dicular to the 


go to the Bot- Superficies EDF, it will not be at all refracted in paſſing 


zom of the Out of the Air into the aqueous Humour, wherefore it 
Eye without 


in will continue on in a ſtraight Line to H, where falli 
— o ‚—· the Superlicies of the Chans. 


P 
tc 
d 
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perpendicular to the Superficies GHI, through which it is 
to paſs out of the Aqueous Humour into a denſer Me- 
dium, it ought to be retracted again, and go towards the 
Perpendicular GR, and conſequently to arrive at ſome 
Point of the Vitreous Humour, as L, which is nearer to M 
than if there had been no Second Refraction : Laſtly, Be- 
cauſe the Ray GL is alſo inclined to the Superficies LMN, 
through which it is to paſs from a denſe Medium to one 
that is much rarer, it muſt be refracted, and go from the 
Perpendicular LT, the Poſition of which is ſuch, you 
ſee, that the Ray, by going from the Perpendicular, ap- 
roaches towards the Ray BDO; and we may conceive 
it refracted in ſuch a manner, that it ſhall go to the 
fame Point that the Ray BDO went to, that 1s, to the 
Point O. So likewiſe if we conſider the Ray BF, we 
ſhall find that the Refractions will carry it from F to 
L and from I to N, and that at laſt it will meet the o- 
ther Two at O. And ſince the Rays which fall betwixr 
BE and BF, are not quite ſo much refracted as the 
themſelves are, it is evident, that they cannot do otherwih 
than meet all together in the ſame Point O. Thus we 
ſee, that the Point B acts upon the Bottom of the Eye, 
in the ſame manner, as if the Pupil were of no Breadth, 
and as if there were to come but one Ray with a Force 
equal 2 — Forces of all them that are contained between 


5. Now if we conſider the Rays which come from any g. Thee the 


other Point of the Object, as from A, we ſhall find, that 
all thoſe which enter into the Eye, will be refracted 


in ſuch a Manner, as almoſt to meet all together in Points of che 


the ſame Point X. And fo likewiſe thoſe Rays which 


come from any other Point between A and B, they will 4% eren 
meet very near together in ſome Point of the Bottom B T 4 
of the Eye between X and O. So that we may affirm 


in general, That every Point of the Object, acts very —_ 
Ide. 31 
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ly but upon one and the ſame Point in the Bottom of the 
Eye, and on the other Hand, That every Point of the 
Bottom of the Eye receives very nearly the Impreſſion of one 
Point only of the Object. 
6. Wat be 6. I fa — geen not exactly. For if the Superfi- 
_ which cies EDF, GHL, LMN, were of ſuch a Curvature, as 
ſome Points, to Carry the Rays from one ſingle Point, ſuch as B, to 
44 not reunite another ſingle Point ſuch as O, exactly; it would be 
[Arr impoſſible for them to unite the Rays which come 
come from from any other Point ſuch as A, becauſe” every o- 
—_— — is differently ſituated from B with reſpect to 
e. 

7. Wat if the 7. — We may obſerve, that if the Object be re- 
Dee cola no moved further from the Eye, in ſuch a manner that the 
2 dle K. Point B continues always in the Line BD, and the 
Frattioms Shape or Diſpoſition of the Eye be no ways altered; the 
cond , Rays which come from the Point B to the Pupil, will not 
— diverge ſo much, or be at quite ſo great a Diſtance from 
© Rays which each other as they were before; wherefore in entring the 
Oed av Three Superficies EDE, GHI, LMN, they will be re- 
Sorts of Diſg fracted in ſuch a manner, as to reunite a little nearer to 
rah vi. the Chryſtalline Humour than the Point O is. On the 
| other Hand; if the Object be removed nearer to the Eye; 
becauſe the __ _ _ 5 the Point Bus in or- 

der to paſs through the Pupil, div more 
did, r! Refractions will cauſe chew ts meet bean 
Point O. And the Object may be ſo very near the Eye, 
that the Rays which come from any one of the Points, 
may diverge ſo much, as never to unite at all. In all which 
Caſes, tis plain, there would be no one Point of the Ob- 
ject, that would not affect too large a Portion of the Bot- 
tom of the Eye; and conſequently the Action of each 
Point, would be confounded by that of the Point which 


is next unto it. 


8. Of the Ml 8. This is what would happen, if the Figure of the 


eration made Eye could not be altered; but to remed theſe In- 
| order to ren. Conveniences Nature has fo formed the Eye, that it can 
aite them. become flatter or longer to ſuch a Degree, as to adjuſt 
it (elf to the different Diſtances that we would view the 
Obje& at. Wherefore when we would look upon an 
Object at a greater Diſtance, than it could be ſeen di- 
ſtinctly at when the Eye is of the uſual Figure, it is 
then made flat by the Help of the four right Muſ- 
cles, all which acting together, pull it towards the Bot- 
tom of its Ball, and the Retina is by this means near 


enough to the Chryſtalline Humour, to be exactly — 


rae ‚— » o erax 
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the Place where all the Rays which come from any one 

Point of the diſtant Object are reunited. And when we 

would look upon an Object that is very near, the Eye 

is lengthened by the Help of the oblique Muſcles which 
encompals it, and by being ſwelled, comprels it; and then 

the Diſtance. between the Chryſtalline Humour and the 

Retina” becomes greater, that the Rays which come from 

any ſingle Point of the Object which is ſo near, may be 

reunited ina ſingle Point upon the Retina. If, therefore, 

there remains any Confuſion which Nature has not pro- 

vided a Remedy for, it is only in reſpect to the Action 

of thoſe Rays which come from an Object that is too 

near the Eye, at two or three Inches diſtance, ſuppoſe ; 

but this is needleſs, or at leaſt, not neceſſary to be reme- 

died ; for as Sight was given us principally to take Notice 

of Things at a Diſtance, and there is very ſeldom any Oc- 

caſion for ſeeing Objects ſo very near, Nature has not pro- 

mo This A h d d Chryſtall That the 

9. This Approaching and Receding of the ine 9- The 
Humour with reſpec to the Boom of the Eye, is ſo ne- 2* r- 
ceſſary in order to ſee diſtinctly, that becauſe it cannot 4 aiferene 
be. performed by Muſcles in ſome Birds, the Coats of 94m”: 
whoſe Eyes are almoſt as hard and inflexible as Bones, 

Nature fs ep another Way. For there are pla- 

ced in the Eyes of ſuch Birds certain black Filaments, 

that are not in the Eyes of Men or other Animals, by 

which the Chryſtalline Humour is connected with the Bot- 
tom of the Eye, and by which it can be made to draw 

nearer to, or remove further from the Retina. 

10. It is obſervable, that the firſt of the three Refra- „., g. 
ctions which the Rays of Light undergo, in paſſing thro [:;.,.:; of 
the Humours of the Eye, is not to be found in Fiſhes te Bes of 
who live in the Water, becauſe the Rays are already in FH. 
an aqueous Medium, when they begin to enter into the 
Eyes of Fiſhes. And this ſeems to be a Reaſon why the 
Want of this Refraction ſhould be compenſated ſome 5 
other Way. And ſo we find it is; for Nature has made 
the Chryſtalline Humour of Fiſhes Eyes more convex, 
inſomuch, that it is almoſt as round as a Globe, and 
not of the Figure of a Lens, as it isin other Animals. 

11. As moſt antient Perſons grow lean and thin by 11. Te eb 
Ape, ſo their Eyes grow flat and more ſunk than when — — 5 
they were younger. Now in this Figure of the Eyes, the 5; neur, is 
Rays which come from an Object very near, come to v#2 e 
the Retina before they are reunited ; wherefore they imm 
preſs but a confuſed Image 8 it; ſo that it is impolli- 

4 ble 
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ble for ſuch Sort of Eyes to receive any diſtinct Image, 
except when the Object is ar a ſufficient Diſtance. 

12.That thoſe 12. On the other Hand, ſome Perſons have by Nature 
Eyes which Eyes that are longer and more gibbous than thoſe of 
544.5; other Men; in which the Diſtance betwixt the Chryſ- 
receive only talline Humour, and the Bottom of the Eye, is likewiſe 
« confuſes greater than uſual: In theſe, the Rays which come from 
3 ＋ 47 one Point of an Object further off than ordinary, are reuni- 
are at a Di- ted alſo, 0 they come at the Retina, and then are ſepa- 
Hance. rated agaih, fo that they ſpread themſelves a little upon the 
Bottom of the Eye. Whence it comes to paſs, that 
theſe Sort of Eyes can receive only a confuſed Image 
of Objects that are at a Diſtance; and have a diſtinct 

Image of thoſe only that are near. 


CH AP. XXXI. 


What we mean, when we 77 that the Images of 
e 


the Objects are impreſſed upon the Organs of 

Sight. | | 
1. That pe- HEN we once clearly underſtand, that every 
Fee? Images of ſingle Point of the Object acts upon one ſingle 


viſihle Objects 


are impreſſed Point only of the Bottom of the Eye which anſwers 
ez the Retina. directly to it; and on the other hand, that every Point 
of the Bottom of the Eye receives the Impreſſion of 
but one Point only of the Object; it is not difficult to 
conceive that the whole Objct acts upon a certain Part 
of the Retina, which is as exactly of the fame Shape 
with it, as could be drawn upon a Cloth by the moſt 
skilful Painter. We can yet further conceive, that this 
Part of the Retina does ſtill more perfectly reſemble the 
Object, becauſe it receives as many different Preſſures 
in all its ſeveral Parts as there are different Colours, or dif- 
ferent Degrees of Light in the ſeveral Parts of the Ob- 
ject. And becauſe we call that an Image, or a Species, 
which has any Reſemblance to the Thing which it re- 
preſents, we call that Part of the Retina upon which 
all the Rays of the Object fall by that Name, and 
ſay, That it impreſſes its Image on the Bottom of the Eye. 


2. There 
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2- There is no need of ſearching after any other Re- 2.Whercin 
ſemblance'in this Image, than what has been mentioned. 41 _— 
For if we would make any further Compariſon betwixt the 06je#. 
it and the Object, we ſhall find them very different. And 
firſt herein they differ, that. a Body is always repre- 
ſented by a Superficies, and ſometimes a Superficies by a 
Line, and ſometimes a Line by a Point: Secondly, The 
Situation is different, for the upper Part of the Object 
is painted upon the lower Part of the Eye, and the right 
Side of the Object upon the left Side of the Eye, > | 
Laſtly, They differ in Magnitude, for a very large Object 
is repreſented upon a very {mall Part of the Eye. 

3. And the further diſtant the Object is, ſo much the 3 The fur- 
leſs is this Part of the Bottom of the Eye; as is evident % 44 ; 
in the Figure of the Eye C, where the Space HE which From the Eye, 
receives the Image of the Object FG, is leſs than the Her is its 
Space DE on which the Object AB, which I ſuppoſe 1b vn. 
equal to FG, is impreſſed; and this very nearly in the Fig. a. 
ſame Proportion, as the Diſtance of FG from the Eye is 
greater than the Diſtance of AB. | 

. Whoever conſiders ever fo little of what we have 4. 4» Expe- 
re laid down, concerning the Nature of Light and 5 4% Ine 
Colours, cannot but be of our Opinion, That the Ima- ges may be 
ges of Objects are in this manner impreſſed on the Bottom of ſcen. 
the Eye : But he may be further convinced of it from Ex- 
perience; for if, after having darkned all the Windows of 
a Room, over-againſt which are ſome bright Objects, 
we make a Hole in the Window Shur, and place in it the 
Eye of an Animal, freſh killed, firſt raking off neatly all the 
Membranes which the Bottom of the vitreous Humour 
is covered with, and put an Egg-Shell in their ſtead to 
hold this Humour in, and you will ſee upon the Egg- 
Shell a diſtinct Picture of all the Objects that are with- 
out. 

5. But becauſe there are ſome Difficulties to make this 5. An artif- 
Experiment ſucceed well; I have thought that the fame . e 7 
Thing might be done, by making a large artificial Eye, — 
which I accordingly tryed : The opake Coats, or Tunicks, 
were all made of thick Paper, except the Retina, which 
was made of a very white thin Piece of Vellum ; in the 
Room of the Tunica Cornea, I put a tranſparent Glaſs, and 
inſtead of the Chryſtalline Humour, was a Piece of Chryſ+ 
tal of the Figure of a Lens, but more flat than this 
Humour; for fince there was nothing in this Machine 
but Air, in the Places of the aqueous and vitreous Hu- 
mours, a little leſs Cy was {uthcient to produce 

| 2 the 
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the Refractions required: And becauſe it was very diffi- 
cult to Matten or lengthen this artificial Eye, in the man- 
ner the natural Eye is done by the Muſcles, I placed the 
Vellum in ſuch a manner, that ir could be moyed back- 
ward or forward, at pleaſure. 

6. How toſce 6. This artificial Eye being ſo placed in the Window 
4 C 4 of a Room, that the Glaſs which repreſents the Tunica 
this artificial Cornea, may be directly againſt ſome Objects that are ve- 

Eye. ry much illuminated; we ſhall not only fee the I 
of them impreſſed upon the Vellum, but we ma 40 

obſerve all the moſt minute Particularities, which we 


collected from Reaſon. Thus we may obſerve, 


7. The firſt 7. Firſt, That it is at one particular Diſtance only of 
Obſervation. the Vellum from the Chryſtal Lens, that the Image will 
appear the moſt diſtinct that is poſſible. 

8. The ſecond 8. Secondly, That this Image is not ſo diſtinct in the ex- 

Obſervation. treme Parts, as in the Middle. 

9. The third 9. Thirdly, That if the Vellum be too near the Lens; 

Obſervation. the Image will be leſs, and very much confuſed. 

10.Thefowreh To. Fourthly, That if it be too far, the Image will be 

Obſervation. larger, but all confuſed likewiſe. 

11. The fifth II. Fifthly, That the diſtinct Image of any Object, is 

Obſervation. ſo much the leſs, as the Object is more remote. 

12. The ſixth 12. Sixthly, If a certain Diſtance hetween the Lens and 

Obſervation. the Vellum, be requiſite to make a diſtinct Image of an 
Object at a moderate Diſtance ; the Vellum muſt be mo- 
ved a little nearer, fo that the Diſtance of the Lens from 
it may be leſs, if we would have a diſtinct Image of a- 
another Object, which is at a conſiderably further Di- 
ſtance. | 

13. The ſe- 13. Seventhly, When the Vellum is at a proper Di- 

vexth er- ſtance, to repreſent diſtintly an Object which is at a 

eat Diſtance, ſuppoſe an Hundred, or Two hundred 

Yards; there is no need of altering it, in order to repre- 
ſent, as diſtinct as is poſſible, any Objects that are at a 
ſtill greater Diſtance. 


14:Theeighth 14. Eighthly, The nearer the Object is to this artificial 


Obſervation. Eye, the further muſt the Vellum be removed from the 


Lens. 
15. The nintßh 15. Ninthly, When the Object is too near this arti- 


 Obfervation. ficial Eye, it is impoſſible to get any diſtinct Image, 


let the Vellum be removed to what Diſtance we 
16. Ic 
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16. It is to be obſerved, that in thoſe Caſes where any 16. The dif- 


Alteration muſt be made in the Eye, in order for the I- {75 be 
to become diſtinct, this Alteration is much leſs in i! Eye, 

the Eyes of Animals, the Coats of which are flexible, 44 be nate 

than in this artificial Eye. For in Animals, the length- _— 

ning or ſhortning the Eye being always attended with a 

greater or leſs Convexity of the Cornea, the Figure of 

this Coat contributes its Part in producing that Effect 

which in- the artificial Eye wholly depends upon the Length 

or Shortneſs of it. Thus, if when the artificial Eye has re- 

ceived a diſtinct Image of a diſtant Object, another Object 

be placed before it at ſuch a nearer Diſtance, that in order 

to have the Rays which come from every Point of it re- 

united, the Eye ought to be made One hundredth Part 

longer than it is ; the Vellum muſt be removed juſt fo 

much further from the Lens: But in a parallel Caſe of 

the natural Eye, it is not requiſite that That ſhould be 

lengthened a hundredth Part of the Whole, becauſe the 

Tunica Cornea being more gibbous than it was before, 

cauſes greater Refrattions, and fo makes the Rays reunite 

ſooner than they would otherwiſe do. 

17. The Image of an Object impreſſed on the Eye of 17. Thar the 
an Animal, being received in a Place where the Capilla- t ge 
ments, of which every Optick Nerve is compoſed, meet Nasse Tt 

ch other; it is very probable, that this Image is ſo im- #7 a»ſmir the 
ſſed, that the Rays do net move theſe Colin dei Yf — 
ſide-ways, but always fall directly upon the Extremities of Brain. 
them. To which, if we add; That the Impreſſion which 
is made upon the Extremity of every one of theſe Capil- 
laments, is communicated from one End to the other, 
we may conclude, that the Image of the Object is tranſ- 
mitted intire to that Place where theſe Capillaments end 
in the Brain. 

18. And becauſe we have no Senſation, when thoſe 19. That rhe 
Parts of the Body are any way affected, in which there pj ©, 
are no Nerves; it is very probable, that the Nerves are te Sal per- 
neceſſary to Senſation. And becauſe we have no Senſa- . 
tion likewiſe, when any Object makes an Impreſſion up- 
on a Nerve, if its Communication with the Brain be hin- 
dred, or if the Brain it ſelf be affected with any particu- 
lar Diſtemper ; therefore it is reaſonable to think, that the 
Nerves are not the immediate Organs of the Soul, but 
that they are ſo formed by Nature, as to tranſmit the 
Impreſſion which they receive, to that Place in the Brain 
where the Origin of them is, and where probably the im- 
mediate Organ of the Soul's Senſation is. 

R 3 19. Hows 
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19. That 19. However, we may furcher obſerve, that there be- 
Fos fu, ing Two of a Sort, of almoſt all the Parts of the Brain, 
Brain which they cannot all of them indifferently be thought the im- 
is the princi- mediate Organ of the Soul. On the contrary, it is high- 
Lhe Soul, 7 ly probable, that ſince we have but one Senſation only, 
though two Impreſſions are made by the Object upon 
the external Organs of the Senſes which are affected, 
that there is likewiſe one particular Place in the 
Brain where theſe two Impreſſions meet. Which that 
Place is, may be very difficult to determine; but whe- 
ther it be that ſmall Gland which Phyſicians call the 
Comarium, or whether it be any other Part of the Brain, it 
is hardly to be conceived how — gp thus unite, with- 


out ſuppoſing ſomething equiy to what is now 
10 | 


20. AConje= 20. Beſides the manifeſt Reſemblance which there is 
@ur: about betwixt the two Eyes; I imagine there is another yet, 
im of the Which cannot be diſcerned by the Senſes, which conliſts 
Capillaments in this, that the Number of Capillaments in one Oprick 
72 % Nerve, is equal to the Number of Capillaments in the 
Nerves. other Optick Nerve. Thus (to make the Thing eaſier) 
Tab. VII. if we ſuppoſe the Optic Nerve of the Eye A to contain 
Fig- 2 five Capillaments, the Extremities of which are CDEFG; 
it is reaſonable to think, that there is the fame Number 

in the Nerve of the Eye B, the Extremities of which are 
HIKLM. I imagine alſo, that the Extremities E and K, 

which are in the Middle of the Reſt, are exactly at the 

End of the Oprick Axes, that is, at the Ends of the Lines 

TE, V, which paſs through the Centers of the Pupil, 

the Chryſtalline Humour, and the Body of the Eye ; and 

that the reſt are placed fo regularly about theſe, that we 

may take ſeparately all the Capillaments of one Eye in 

order, and aſſociate them with thoſe in the other Eye ta- 

ken in the fame Order, fo as to make up a great Num- 

ber of Pairs, which may be called Symparherick : Thus 
beginning with the Capillaments C and H, which are 

moſt on the Left Hand, I make them the firſt Pair ; the 

other Pairs are DI, EK, FL, GM. I am alſo of Opinion, 

that each Pair of Sympathetick Capillaments end in 1 the 


I. In the ſame Point of that Part Nerves meet in the Brain or no, it 
of the Brain) This Conjecture is not | is evident, that two Images of every 
yet confirmed, by cutting open the | Object impreſſed u 12 Capil- 

rain, But be that as it will; the Ca- | laments muſt be — in the very 


pillaments CHz DI, EK, | ſame Place (becauſe the Optical Axes 
Tab. VII. Oc. may very properly | meet each other) that is, muſt be- 
Fig. 2. be called Sympatherich. | come one; and therefore the Object 


ſame 
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fame Point of that Part of the Brain which raiſes a Sen- 
fation in the Soul; as you ſee in the Figure, where the 
Pair CH meet in the Point O of the principal Organ 
X, the Pair DI in the Point P, the Pair EK in the Point 
Q > the Pair FL in the Point R, and the Pair GM in 
the Point 8. 


21. This being ſuppoſed. I conceive that when we 21. How the 


would look upon an Object, we turn our Eyes to it 


in ſuch a manner, that the two Optic Axes meet at mediate Or- 
the Point which we fix our Attention principaly up- £2», of the 
0 


on. Thus the Rays TE, VK, coming from that Point, 


and falling upon the Sympazhetick Capillaments E and Fig 2. 


K, the two Impreſſions which they make there, are re- 
united in one Point only, viz. in the Point Q. So 
likewiſe the Part of the Object which is on the right 
Hand, ſhakes the Symparhetick Capillaments D and J. 
the Impreſſions of which are carried to P. And again, 
the Part of the Object which is on the left Hand acts 
upon the Sympathetick 1 F and L. and their 
Impreſſions unite in the Point R, and ſo of the reſt. 
So that though there be two Images impreſſed * the 
Eyes, yet there is but one impreſſed upon that Part of 
the Brain X which we here ſuppoſe to be the immedi- 
ate Organ of Viſion. 

22. What has been already ſaid of the Images which 
viſible Objects impreſs upon the Eye, being well un- 


derſtood ; it cannot but be a ſtill greater Surpriſe, cine 


that the Ariſtoteliaus and almoſt all Phyſicians ſhould 


be ſo miſtaken, as to affirm, that theſe Images are im- diate 0rgan 
preſſed upon the Chryſtalline Humour, and go no fur- ion. 


ther.; for it will evidently appear, that the different Im- 
preſſions of the diyerſe Points of the ſame Object, are all 
confuſed there. 
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CH AP. XXXII. 
How Viſon is performed. 


met b i. AFTER having traced the material Image of the Ob- 

fem. ject, or the Impreſſion which it makes upon the ex- 
ternal Organs, to the Brain, I come next to explain how 
this raiſes in us an immaterial Image, or that Senſation in 
which Sight properly conſiſts, and to ſhow the Reaſons 
why it is clear and aiſtinet, and alſo how we perceive the 
Place, Situation, Diſtance, Magnitude, Figure, Number, and 
the Motion or Reſt of ſuch Objects. 

. 2. How the 2. In order to underſtand how this immaterial Image 

mare of 44, is formed in us, I muſt remind you of a certain Truth 

Obje#is Which has been ſufficiently demonſtrated before, and that 

Jormed in the is, That ſuch is the Nature of our Soul, that particular 


Motions of the Body to which it is united, are the Oc- 
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caſions of particular Perceptions in it: Now different Parts | 
of the Object, act diſtinctly upon-difterent Parts of the . 
Bottom of the Eye, and their Impreſſions being tranſ- t 
mitted to that Place of the Brain which is the principal | 
Organ of the Soul, it is eaſy to apprehend, that the Soul t 
muſt have as many diſtinct Senſations raiſed in it, at the t 
fame Time, and without any Confuſion, as every one of f 
them excites different Motions. t 
« Whence it 3. It is manifeſt alſo,” that this immaterial Image, ought | 
mite; to be ſo much the more wivid or car, as the Object ſ 
hear. ſends forth more Rays of Light which are received by n 
the Eye, for by this means the Impreſſion made upon { 
the Organ will be ſo much the — And the Large- I 

neſs of the Pupil contributes likewiſe to this Clearneſi, be- 
cauſe it affords Room for more Rays that come from the n 
fame Point of an Object to impreſs the Image on the ( 
Bottom of the Eye. h 
4. That the 4. It is true, that if we conſider the Action of one N 
_—_ of 4 Point of the Object only, we muſt ſay, that the Senſa- t 

ody at 2 - f 

Diſfance tion ought to be weaker or more obſcure in proportion to fl 
ber ro be a5 the greater Diſtance of the Body, becauſe the Rays of Light 8 
——_— which come from one Point of it diverge, and therefore 15 
which is ncar. fewer of them enter into the Pupil when the Eye is far of, tl 
than when it is near. But we know that one Point off 7 
the Object does not act alone, but always acts in com- 


pany with a great many others, and the whole * 
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the Object is impreſſed upon ſo much a leſs Space on 
the Retina, as the Diſtance of the Object from the Eye 
is greater. Thus if one viſible Point, at the Diſtance of 
two Miles, ſend to the Pupil but half the Rays that it 
would do if it were but at a Mile diſtance only, this is 
made good by ſome other vilible Points that are near it, 
which ſend their Rays upon the ſame Capillament of the 

tick Nerve, where one ſingle Point of a nearer Object 
would ſend its Rays; wherefore the Viſion ought to be 


as ſtrong and vivid. 


5. To this we may add, that becauſe we open the 3. Hh 4i- 
Pupil of the Eye a little more when we look upon Ob- Ot 


jects that are at ſome diſtance, than when we look at 
thoſe which are near; therefore we take in more Rays 
from any Point than we do when the Pupil is not fo 
wide, and this makes the Senſation more clear. And thus 
we find, that a Mountain looked upon at ſome diſtance 
does not appear of ſo dark a Colour as when we are 
nearer it. 


6. As to the Diſtindneſs of Viſion, that evidently de- 6. How ob- 


pends upon the Refraction of the Rays; and it is then 
as diſtinct as poſſible, when the Refraction is ſo made, as 
that all the Rays which come from one and the fame 
Point of the Object, meet together exactly in one and 
the ſame Point of the Bottom of the Eye: But 
this never is preciſely ſo, but in thoſe Rays which come 
from that Point of the Object which is at the Extremi- 
q of the Optical Axis; for it is evident, that thoſe 

ays which come from the other Points, are reunited 
ſo much the leſs exactly one than another, as they are 
more diſtant from this Axis; wherefore we cannot at the 
fame time have the moſt diſtinct Senſation but in this 
Place alone, and the reſt will be more confuſed. 


7. This being ſo, it follows from what was before de- 7. Ny «ld 
monſtrated concerning the confuſed .. of an j. tha oe 
Id-Man; that near them ve- 

he muſt ſee ſuch a near Object very confuſedly ; and thus 7 cννe d. 


Object that is near, on the Eye of an 


we ſhall eſcape the Error of thoſe, who are of Opinion, 
that the Confuſedneſs in the Sight of Old-Men, ariſes 
from hence; that the Faculty Seeing, or the Senſe 

Seeing is weaker in them than in others. And indeed it 
is very ſurprizing, and very lucky, that at a Time when 
the Doctrine of Refractions was not at all known, A. 
2 ſhould hit upon ſaying, that if an old Man had 
the Eye of a young Man, he would ſee as the young 
Man does; which is the ſame Thing as to ſay ; _ the 
ault 
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Fault in the Sight of an old Man, does not ariſe from any 
Defect in the Faculty of Seeing, but only from ſome De- 
fect in the Organs. | 
$. y ſome 8. On the other Hand we are aſſured, that thoſe Per- 


Fah. are diſtant; Whence it is eaſy to conclude, that ſuch Per- 


g- Anether 9. The Diſtinctneſt of Viſion Geb alſo upon the 
l he Largeneſs of the Space which the Impreſſion of the Ob- 
lian. j ect takes up in the Bottom of the Eye, where there ought 
to be at leaſt as many Extremities of the Capillaments of 
the Optic Nerve, as there are different ſenſible Parts 
in the Object which ſends forth the Rays, in order for 
every one of them to make a diſtinct Impreſſion. For 
if the Rays which come from two different Parts of the 
Object, meet together in two different Points of the ſame 
Capillament, it is the ſame Thing, as if they met in one 
Point, becauſe they cannot communicate two different 
Motions to this Capillament at the fame time. And this 
is the Reaſon why Objects, that are at a very great Di- 
ſtance, becauſe their Images are impreſſed on a leſs Space, 
are ſeen but confuſedly. 

10. Ny ob- I0. Further, if this diſtant Object be compoſed of a 
Jedi, whoſe great many different Parts which are of different Colours, 
een, it is evident, that if ſeveral of theſe Parts act together 
bars, appear upon the ſame Capillament, that which is of the brighteſt 
at - op nag our is the only one that will be ſeen, becauſe the 
9 e Capillament will receive the Impreſſion only of this Part. 

And thus we ſee in a Meadow where there are a great 
many white Flowers mixed with a vaſt Number of green 
Spires of Graſs, at a Diſtance it looks all White. 

11. Howwe II. If it had never been obſerved, that we ſometimes 
refer er Sen- Have no Perception, when we would have ſome, and at 
— other Times have a Perception, when we would not, we 

ſhould not have been ſo ready to have connected our 
Judgement with our Senſation, and Senſation would only 
have been ſimple Perception: But when we had once 
made this Reflexion, our Senſation muſt neceſlarily be a 
compound Perception. And if we had been more wary 
in our Judgement at firſt, ſo as not to have aſſented to 
any Thing of which we had not a clear Perception, all 
that we could plainly have inferred, is, that ſomething 
concurred with us to cauſe Senſation. But having _ 


=” - 


A ww ee $2, 0 277 


JET EE os oc. Ao ot. Addr. ac coca 


8 
ac 


1120 S Oc =x=5 


Chap. 3 2. of NATURAL PHILOSOPHY. 


ferently accuſtomed from the Beginning, and over haſty 
in = Judgement, we have drawn a different Conſe- 
quence ; and look upon the Senfation, which now upon 
more-mature Deliberation, we acknowledge only as an 
accidental Mode of exiſting, to be without us, there- 
fore we refer it to extern 
ten made this Judgement, that we are accuſtomed to do 
it without any Difficulty, and without the leaſt Suſpicion 
of its not being conformable to Truth. 

12, We have been confirmed in this Errour about Vi- 


fon by another Miſtake. We obſerve, that when an 


opake Body is put between the Object and our Eye, we 
then ceaſe to ſee it: From whence we ought to con- 
clude, that the Thing which concurs with us to excite 
Senſation, is beyond the opake Body, and being no longer 
able to act upon our Organs, we ceaſe to have the Sen- 
ſation we before. Bur inſtead of reaſoning in this 
manner, we imagine, that the Senſation which we have 
of Light or Colour, that is, the Light or Colour which 
we perceive, is beyond that Body, and fo carrying our 
Imagination as far as the Object it ſelf, we go as it 
were out of our ſelves, along the Line in which we 
receive the Impreſſion of the Object, and aſcribe our 
own Senſation to it, that is, the Colour which we per- 
ceive, 

13. The ſame Thing that leads us to refer the whole 
Senfaion which we have of an Object to ſomething without 
us, leads us alſo to refer all the particular Senſations of 
which it is compoſed, in the ſame manner, in ſtraight 
Lines, according to the Direction in which we receive 
the Impreſſions from different Parts of the Object: Thus 
the Impreſſion which is made in the lower Part of the 
Bottom of the Eye, coming to us in the higheſt of all 
the Lines by which the Object raiſes any Senſation in us; 
it is along this Line that we refer the particular Senſati- 
on which ariſes from it. So likewiſe we refer to the 
loweſt Part of the Object, that Senſation which ariſes from 
the Impreſſion made by it, on the higheſt Part of the 
Bottom of the Eye. And hence it is, that though the 
whole Image which the Object impreſſes on the Bottom 
of the Eye be inverted, yer when we look upon the Ob- 
ject through a {imple uniform Medium, this hinders not 
but that it appears in its true Situation; that is, the 
immaterial Image makes the Object appear to us ag 
If 18. n 


| 


14. The 
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Objecte; and we have ſo of- 


12. Another 


Reaſon why 
we do this. 


13. How'we 
perceive the 
Situation of 
an Objea. 
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14. How we 14. The Knowledge of the Diſtance of an Object, 
"wr as well as that of the Situation of it, depends upon our 
referring our Senſation to ſomething without us. For 
our regard being chiefly upon the Poſition of the two 
optical Axes, and the Motion of the right Muſcles of 
our Eyes by a natural Way of Reaſoning, ſhowing us 
very near, the Relation or Inclination which theſe two 
Axes have to each other, and at what Diſtance from 
us they. meet together; it is to this Diſtance that we 
refer our Senſation, that is, to the ſame Place where the 
Object is. Wherefore if at any Time we are deceived 
in the Judgement we make of the Diſtance of any Ob- 
jet, when we look upon it with both Eyes, it is be- 
cauſe we do not know exactly at what Diſtance the 
Optical Axes meet. | 
8 And if we make uſe of but one Eye, we can 
the Düne know the Diſtance of an Object, provided we move 
of an Object. from one Place to another; for we have ſome kind of 
Memory of the Poſition of the Optical Axis in the firſt 
Station, when we really attend to the Poſition of it in 
another Station, ſo that we imagine two Optical Axes, 
though there be indeed but one, and by that means 
gueſs at the Diſtance wherè they meet; and to this we 
refer the Object. 
16.4 Third 16. Since we cannot incline the Optical Axes to each 
9 other in a certain manner, in order to make them meet 
of an had, at one Point of an Object which is at a certain Di- 
ſtance from us, but at the fame Time, we muſt put 
each Eye into a particular Diſpoſition or Figure, neceſ- 
fary to ſee diſtinctly at that Diſtance ; we may preſume 
that Nature has ſo ordered the Muſcles of the Eyes, 
that they neceſſarily procure both theſe Effects at the 
fame Time: And that this is ſo, we ſhall have no Doubr, 
if we obſerve, that they who ſee but with one Eye, 
move their Eyes in the fame manner to look upon Ob- 
jects at different Diſtances, as they who ſee with both 
E es. So that it is ſufficient, if our Eye be ſo flatten- 
or lengthened in a particular manner by- the Action 
of the Muſcles, as to cauſe ſome Alteration in the Brain, 
which puts the Soul upon conceiving the Poſition of the 
Optical Axes: And ſince the perceiving this Diſpoſition 
is the moſt natural Argument to make us know the Di- 
ſtance of an Object, it follows, that the lengthning or 
Aattening the Eye is alone ſufficient to diſcover this 
Diſtance. 


17. But 
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17. But becauſe the Alteration of the Shape of one 7, Thar ir is 
Eye only, when we make uſe of it, to ſee diſtinctly at — 5 
different Diſtances, is not ſo ſenſible, as the Alteration of the N - 
the Situation or Poſition of the two Eyes, when in % = mate 
order to look at different Diſtances, we turn them dif- ne of 
ferently that we may make the two Optical Axes meet CH when 
in the fame Point; therefore we are not to think, that % fl. 
this latter Alteration is ſo exactly made, when it is deter- one Eye, chan 
mined by the other, as if it were cauſed by that Atten- wen we ot 
tion which we have when we look with both Eyes up- r 
on the ſame Point of an Object. And this is the Rea- 
ſon why we are more apt to be deceived in the — 
ment we make of Diſtance, when we uſe but one Eye 
than when we uſe And indeed if we try to touch i an 
Object at three or four Foot diſtance, with the End ofa a 
Stick of about the ſame Length, we ſhall find, that if 
we look at it but with one Eye, we ſhall miſs touching 
it two or three times together ; whereas if we look at it 
with both Eyes, we ſhall rouch it the firſt Time. 

18. Whatever the Alteration be, which is made in the 18. Tr it is 
Eyes when we look upon Objects at unequal Diſtances, a, 1 
it is certain, that That Alteration cannot be at all ſenſi- in eur Judge 
ble, when the Diſtance is ſuch, that the neareſt Object is Bi 
a great Way off; wherefore we mult be very liable to be : of ſmat. 
more deceived in our Judgement of great Diſtances tl | 
of ſmall. | 

19. Beſides the two forementioned Means of judging 19- That the 
of the Diſtance of Objects, which are the principal ones, — 
there is yet ſome others: As Firſt. Having often obſer- „ f he L. 
ved, that an Object appears more confuſed the further it 2 of 0% 
is diſtant from us, we make this a Rule of determining 2 2 of 
the Diſtances of Bodies, fo that according as they appear 5 B 
more or leſs confuſed do we imagine them to be at a. 
greater or leſs Diſtance. Per 

20. So likewiſe, becauſe we have often obſerved, 20. The ſame 
that an Object looks of a brighter Colour, che further it %, A 
is removed from us; therefore when we ſee an Object their bring 
of a brighter Colour than it uſes to appear of when it is 2 45 
near; we conclude, that it is at a great Diſtance from? 


us. « 


1. An Object at three or four Foot | the Eye, we would try to run 2 
Diſtance) It is to be obſerved, that | Stick through it; as is juſtly re- 
the Stick muſt not be thruſt directiy | marked by Malbranch in his En- 
upon the Object, but moved ob- quiry after Truth, Book I. Chap. ix. : 
_—_— in the ſame manner, as it, } Seck. 3. 
when a Ring is turned Side-ways to 


21. Th» 
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tance by the 
Sitnation al- 


22. The In. 


terpoſition of 
a great many 
other Bodies, 


makes 15 
think, that 


the Object is 


Diftauce. 


28. How we 


come to know an 


-- 


the Diſtance of Objects. 
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21. The Situation is another Means till of kno 


we imagine to be lower than our Eye we j 


For, of thoſe Things which 
udge them to 


be fartheſt diſtant which affect the Eye, with the higheſt 
Rays; and on the other Hand, of thoſe Things which 


we imagine to be higher than our Eye, we judge 


to be fartheſt diſtant which 
eſt Rays. 


them 
affect the Eye with the low- 


22. Further, the Interpoſition of a great many other 
Objects, between us and the Object we look at, makes 
us think, that the Diſtance is greater than otherwiſe 
we ſhould ;* becauſe the Diſtance which we conceive 
to be betwixt every one of them, is the Meaſure which 
at the greater WE COMPpute the Diſtance of the Object by: Thus 


in the Inſtance of the Moon, when it is at t 
and we look at it thr 


above the Horizon, 


bighef 


| ough the 
Air only in which there are no other viſible Objects, 


we imagine 1t to be nearer 


to us, than when it riſes or 


ſets, becauſe at thoſe Times, there are a great many 
intermediate Objects upon the Earth, berween us 


and it. 


23 Wien we know the "Situation and Diltince-of 
bject, by joining theſe together, we form a Judge- 


At f ment of the Bigneſs of it; For, becauſe we imagine the 
Extretmities of an Object, to be contained between two 


8 


2% Why the 


ſtreight Lines coming from 


the Eye, which diverge from 


each other in proportion to their Diſtance ; therefore 


we eaſily conceive what the 
a given Diſtance. 


Bigneſs of the Object is at 


So that if at any Time we are, de- 


ceived in our Judgement of the Bigneſs of any Object, 
it is becauſe we are firſt deceived in our Notion of 
its Diſtance. Thus, becauſe we cannot truly compre- 
hend the Diſtance of the Moon or Sun from 'us, there- 


great as they really are. 
24. And this is ſo true, 


fore no Imagination can repreſent thoſe Bodies to us fo 


that the- Stars ſeem to us 


Stars ſeem ſomewhat larger, when the Interpoſition of viſible Ob- 


bigger to ns 


when they are 


jets which are between them and us, helps us to ima- 


in the Hori gine their Diſtance to be greater; For it is not ow- 


⁊on. 


ing 1 to the Interpoſition of Vapours, as the 


t. To the Interpofition of Va- 
powers, &c.) Since the Angle under | 
which the Moon appears when in 
the Horizon, is not greater than | 
ordinary, it is evident, that nothing 


Ancients 


thought, 


| Refra&tion of the Vapours. And 


chat this Angle is not greater than 
ordinary, is clear from hence; that 
chough every particular Part of the 


Horizon (as well the Diſtances ot 
the Stars from each other as the Stars 


ought here to be aſcribed to the | 


; 
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thought, that makes the Stars to appear of different Big- 
neſſes, as if the Rays which came from the Extremities 
of them to the Eye of the Spectator, were by that means 
refracted, ſo as that he ſhould ſee them under a bigger 
Angle. For modern Aſtronomers who have meaſured the 
Angles under which the Stars appeared, when they were 
in the Horizon, and when they were at their greateſt 
Altitude in the fame Day, 1 have always found them the 
lame. 


355 


25. It is to be obſerved alſo, that very luminous or 27. Ther 


bright Objects muſt needs appear bigger than they would 


bright Obie 


do if they were not ſo bright. For if the Image which 1 
they impreſs nyo the Bottom of the Eye, affects not «4g4r# 4. 


only a certain Number of Capillaments, but ſpreads it 
ſelf to the Extremities of other Capillaments which are 
about ir, it is the fame as if it had covered them al- 
ſo; becauſe the Rays have fo great a Force that all 
theſe Capillaments are moved by them, and not at all 
hindred by the Motion of thoſe Rays which come from 
the other ſurrounding Bodies which affect the fame 
Part, but are very faint ; therefore a bright Body ap- 
pears ſo much the bigger, as it takes up part of the 
_ which is not ſo bright, whoſe Rays are ſwallow- 
up by it. 


26. We may add ſtill further; that the Impreſſion of 26. Ve the 
a 7 luminous Body may be ſo ſtrong as to extend it T Fes 
ſelf 


when looked 


round to ſome Capillaments, which no Rays at i: tbrongs 8 


all come to from the luminous Body ; in which Caſe, 
it is manifeſt, that the Object mutt appear much bigger 


Teleſcepes ap- 


pear as much 


aiminiſhed,as 


than it would do, if its Light were more faint. And «her Objects 


it is certain, that we ſee the fixed Stars in this man- 
ner; becauſe if we weaken their Action, by artificial- 
ly contracting the Pupil, and looking at them through 
a Hole made in a Card with a Needle, 2 they 
appear much leſs. But that which moſt ſurpriſes =_ 
w 


themſelves; nay the Stars, when | 1. Have always fonnd them the 
they ſeem to be larger, ſeem alſo | ſame) Nay, they have found the Di- 
to take up more of the Space which J ameter of the Moon, when at the 
ſurrounds them;) though, I ſay, J higheſt, a little bigger, than when 
every Part of the Horizon ſeems to | ſhe riſes or ſets. See Malbranch's 
be equally inlarged ; yer the whole I Search after Truth. Book I. Chap. ix. 
Circle cannot contun any more | Sed, 3. 
than 360 Degrees; wheretore Bo- 2. They appear much leſs) Nay, 
dies in the Horizon are not ſeen | that the fixed Stars, by reafon 
under a greater Angle, but every De- | their immenſe Diſtance, are but like 
gree in the Horizon ſeems greater | Points only, except that their Light 
zu in che Meridian. | is a little dilated by 8 — is 
eV 


appear may” 
med 
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who ſee not the Reaſon of this, is, that when we look 
at the Stars with a Teleſcope, ay appear as much di. 
miniſhed as other Objects appear inlarged by it; and for 
this ſole Reaſon, becauſe hereby the Force of their Rays 
is very much weakned. |; | 
27. The know- 27. It is certain alſo, that as the Knowledge of 
yr At, the Diſtance helps us to find out the Bigneſs, ſo like- 
jea, helps us Wiſe the knowing of the Bigneſs helps us to conceive 
— in f the Diſtance. us, when we know that a Man is 
45 Difance. about five or fix Foot high, when we ſee him to 
o_ but very little, we conclude him to be at a great 


28. Howwe 28. It would be ſuperfluous to ſhow particularly how 
I er we know what Figure any Object is of, after what has 
Jed. been faid concerning knowing the Situation, Diſtance, and 
Bigneſs of its Parts; for the Knowledge of its Figure 
cConſiſts in theſe. | "+ 
29 · Whywe 29. Nor is it difficult, after what has been ſaid, to 
4 arg %% give a Reaſon why an Object appears ſometimes fin- 
we look at it gle and ſometimes double ; for it is evident, that an Ob- 
with both ject mult appear ſingle, when it ſo affects the Sympa- 
2 thetick Capillaments of the 2 tick Nerves, as to im- 
ſs 1 but one Image upon the Brain. 

22 . And this is confirmed from hence, That if we 
e prels either of our Eyes with our Finger, ſo as to make 
pears toute it receive the Image of the Object on a different Part 
from what it would do by the common Motion of the 
Muſcles ; as it is certain, that the Images which are then 
impreſſed on the two Eyes, do not _ the Sympa- 
thetick Nerves, nor reunite in the Brain, ſo we cannot fail 

to ſee the _— —. 5 x 
1. Another 31. So likewiſe, if we lo intently upon a par- 
Ge e. ticular Object, and at the * another Objed. be 
placed nearer or further off, which conſequently cannot 
impreſs its Image on the Sympatherick Capi rs of the 
two Optic Nerves; in this caſe it muſt impreſs two J- 
mages on that Part of the Brain which is the immediate 


evident from hence, that whent End of the Eclipſe, it appears agai 

are about to be eclipſed by pr all at once, * | _— 

Moon, when they enter into its Bo- | 1. Bat one Image mpon the 

dy, their Light does not decreaſe | Brain) See the Notes on Chap. xxxi. 

— (as chat of the Planets does) | Art. 20. ä 
vaniſhes all at once, and at the 


Orgen 


. 


— 
* 
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Organ of Viſion, and therefore * it muſt be ſeen 
double. 

32. Having ſeen how we come to know the Situa- 32. ow we 
tion, Diſtance, Magnitude, and Number of Objects by Pee Ade 
our Sight; nothing more remains but to examine how . · 8+ 
we know whether they be in Motion or at Reſt. Now it 
is not difficult to conceive, that we know a Body to be 
in Motion; firſt, when its Image appears ſucceſſively 
applied to different Images of certain Objects, which 
we do not compare with any other, but imagine to be 
immoveable ; or when we find that we muſt turn our 
Head or our Eyes in order to have the Object always 
at the End of the Line, along which we carry our 
principal Attention; or laſtly, when, if we move net- 
ther our Eyes nor our Head, we find it is gone out of 


that Line. The contrary to all which es an Ob- 
ject appear to us to be at reſt. 
t. It mnſ? be ſeen donble) It may j Object impreſſes its Image on 


be further obſerved here, that if | HIK the left Side of the right 


right Eye. 


the Object now mentioned, be pla- 
ced beyond the Point where the Op- 

tical Axes meet, it will 
Tab. VII. then appear double in 
Fig. 2+ ſuch a manner, that of 
the two Images, that 


'which- is on the right Hand is 


ſeen with the right yes and that 
on the left Hand with the left 
Eye ; bur if the Obje& be on this 
Side that Point, © then the Image 
which is on the right Hand will 
be ſeen with the left Eye; and the 
Image on the left Hand with the 
The Reaſon of which 
is, becauſe in the former Caſe the 


/ 


Eye, and therefor2 is ſeen by ic 
on the right Hand, and on EFG 
the right Side of the left Eye, 
and therefore is ſeen by it on the 


left Hand: In the latter Caſe it 


2 its Image on & LM the 
right Side of the right Eye, and 
therefore appears to it on the lett 
Hand; and on CDE the left Side 
of the left Eye, and therefore ap- 
pears to it on the right Hand. 

What ſurpriſing Things follow from 
this Obſeruatiuu, may be ſeen in 
the Notes on the following Chap- 
ter. 


S CHAP. 
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CHAP. XXXIII. 
Of DIOPTRICKS. 


1. That or IN order to prove the Truth of ſome of thoſe Suppo- 
* ſitions which we have made about Viſion; we ought 
— 3 now to conſider, whether or no all thoſe Things, which up- 
firmed by the on theſe Suppoſitions t to come ro pb when we 
if differ. look through different Sorts of Perſpective-Glaſles or 
Sorts of Per- Upon Looking-Glaſſes, be agreeable to Experience; 8 

UND. 


See chis will be a great Proof of the Truth of thoſe 8 
3 poſitions. 


Glaſſes. 2. We will begin with Perſpective-Glaſſes, and firſt 

047192 a let us conſider that Sort called Mulriplying-Glaſſes, ſuch 

ciplied when as that in the Figure ABCD. Now it is evident in the 

lokedat thro' firſt Place, that without this Glaſs, the Eye E would ſee 

Ss the Object F, by means of the Rays which come from 

Tab.v111, F to G; and becauſe the Superficies BC is here parallel 

i to the Superficies AD, which is oppoſite to it, re- 

fore the Refraction which the Rays ſuffer when they 

enter into the Glaſs, is deſtroyed by the Refraction made 

at their coming out ; it follows, that the Eye ought not- 

withſtanding, to receive the Impreſſion of the Object in 

the fame Place G, where it would have received it if 

there had been no Glaſs, and for this Reaſon it 2 

ſtill to ſee the Object in F. It is alſo certain, t 

the Object F, would make an Impreſſion upon an Eye 

placed in N by the Rays which it would ſend thither, 

if there were no Glaſs between; but becauſe theſe Rays ¶ pe1 

now meet with the Superficies AB, by which they are lf fro 

ſo refracted, that when they come out of the Glaſs, I in 

they enter into the Pupil of the ** E, and afterwards iſ col 

go on in ſuch a manner as to fall upon that Part of I anc 

the Bottom of the Eye marked I, where they. impreſs lec 

ſuch an Image as an Object placed in M would do; ¶ the 

therefore this cauſes the Eye at the ſame Time that it ſees I co 

the Object F in its true Place, to ſee it alſo in M. tha 

5 likewiſe the Rays which would excite Viſion in the I the 

ye, if it were placed in O, and no Perſpective-Glaſs ¶ fra 

intervened, being in this Caſe refracted by the Super- the 

ficies CD, fo as to impreſs an Image of the Object F uni 

on the Part of the Eye marked H, where = mc 
— 9 
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in L would make its Impreſſion if there were 

no Glas; it follows, that the Eye E ought to ſee yet 

another Object F in IL. In a Word, it is eaſy to infer, 

that the Eye muſt ſee the Object F in all thoſe Pla- 

ces, where the ſtreight Lines terminate, which cotning 


from the 5 through the ſeveral Sides of the 
Glaſs, by which the Rays of the Object are ſo re- 


fracted as afterwards to make an Impreſſion of it upon 

3. [ have nothing further to add to this, but only that ſome- 3. y + 
times the Object when looked at through the Sides AB, ſometimes ap- 
CD may appear differently coloured from what it does . 
when at through the Side BC; the Reaſon of 
which is, becauſe the -0 which come from the Object 
through the Sides AB, CD, are refracted pretty much in 
the ſame tnanner, as they are by a Priſm, which has been 
explained before. 

4. Let us now examine a convex Glaſs ſuch as that 4. e R. 
in the Figure CDEF. Now it is to be obſerved, that = come 
2 it is the Pro of this Glaſs to collect into a Point Pa,, Test 
the Rays which parallel upon it; fo is it the Pro- faded in 
perty of it, to collect into a Point, likewiſe the ſeveral T. g thre” 

ys that fall = from any ſingle Point of an Ob- G-. 
jet, with this ition, that the Point where they are Tab. x. 
reunited is ſo much the further diſtant from the Glaſs, 
as the Point from which the Rays ſeparate is nearer to 
it; and this latter Point may be ſo near, that the Rays 
which proceed from it, may never be reunited at all, 
but become parallel or ſomewhat diverging when they 
"+. This being ſuppoſed, if the Object AB be | 

5. is bei uppoled, if t ject at à pro- 5. How a con- 
per Diſtance from — Glaſs, all the Rays which come 5 . 
from every Point of this Object, may be reunited again Beef rhe 
in as many other Points. For inſtance, the Rays which C%˙ cnfa- 
come from the Point A may be collected together in H,. . 
and thoſe which come from the Point B, may be col- 
lected together in G. Now if the Eye were placed in 
the Point T, it is certain, that becauſe the Rays which 
convey the Image to it from every Point are converging, 
that is, enter into the Eye with a Tendency to unite toge- 
ther; therefore I ſay it mult neceſſarily be, ſince the Re- 
fractions of the three Humours of the Eye are made in 
the uſual manner, that by means hereof theſe Rays muſt 
unite together ſomewhat nearer to the Chryſtalline Hu- 
mour than they would * have done. Wherefore 

ä ) 2 if 
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6. How it 
makes old 


7. Why it 
Makes an Ob- 4 < 
Ject appear at 


a greater 


Diſtance. 


if this Eye be the Eye of à young Man, which cannot 
flatten it ſelf beyond what is requiſite to ſee Objects di- 
ſtinctly, whoſe Rays fall upon it as it were parallel, it is e- 
vident, that ſuch a Perſon will ſee Objects ſo much the 
more confuſedly as the Rays which fall on the Eye have 
a greater Tendency to unite together more on this Side 


the Retina. 


6. But if it be the Eye of an od Man, which by the 
common Decay of Age is become flatter than the Eyes 
40 _ ore of other Men; becauſe the Reaſon of ſuch a Perſon's 
ſeeing Objects confuſedly is, that the Rays which come 
from any Point in an Object are not reunited when they 
come at the Retina, which they fall upon ſooner than 
they ſhould do, therefore a Convex-Glaſs makes them 


ſee diſtinctly; for it makes the Rays more converging, 


and 


ſo helps the Humours of the Eye to reunite them juſt 
when they come at the Retina. 


The Diſtance of an Object looked at through ſuch 
laſs, ought to appear greater, becauſe the Dit 
of the Rays which come from any Point is ſuch, as 


poſition 


cauſes the Eye to put it ſelf into ſuch a Figure, as 


_ occaſions the Mind to imagine the Diſtance 


greater. 


And this is the Reaſon * why we think the Object 
to be further off, if we be not prejudiced before-hand 


in our Opinion of the Place where it really is. 


| „ 
we think the Object to be 


1. 

ier . Here the famous Dr. Bar- 
rom propoſes a very great Pifficulty 
in his Optical Ledi ures, viz. the 18. 
towards the End. However, ſays he, 
I will not leave off, till I have propo- 
ſed te you a very great Difficulty (ont 
of the Sincerity I owe to you, and to 
Truth, by no means to be di ſſembled) 
which is contradiclory to that Opinion 
which I have been recommending to 
at leaſt cannot be ſolved by it. 

It is briefly this. Les the Point A 
be > to the Lens 

Tab. X. CDEF, at fuch a Di- 
ſtance, that the Rays may 

be fo bent as to tend towards umiting 
ſomewhere in the Axis HD, and let 
the Point H be the Place where they 
meet, or the Image of the Point A as 


we have all along before aſſerted, vit. 


the Focus ; between this Point and the 
Glaſs V, let us ſuppoſe the Eye to be 
any where placed. I ask, in what 
Place onght the Point A to appear | 


8. Ag 


to be, In the Nature of Things it 
cannot be ſeen behind at the Point 
H (becanſe every Impreſſion that af- 
feds the Senſe, comes from the oppoe 
ſite Part, viz. A) and it is contrary to 
Experience alſo.» Now it ſeems to fol- 
low, from the Doctrine we have laid 
down, that it ſhould appear to be 
before ms, and at the greateſs Di- 
Stance poſſible (a Diſtance exceeding 
any that we can imagine). For the 
leſs diverging the Rays that come 
from any Object are, ſo much the fur- 
ther diſtant do we conceive it to be 
(if we be not prejudiced concerning 
its Diſtance before hand ) and that 
Objed which ſends ſorth parallel Rays 
we imagine to be the moſt diſtant 
that can be. In Reaſon therefore, 
one would think, that when the Rays 
come from the Obje converging, it 
ſhonld appear, if it were poſſible, at 
a greater Diſtance yet. 22 in this 
—— it be ashed in general, 
is it that determines the ap- 
parent 
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8. As to the Situation, that will appear the ſame as uſu- ——.— 
ab and the ſame as if we look at the Object without 5 per 


the Glaſs, becauſe the Eye ſees the right Side of the irs true Sit- 
Obje ation. 


parent Place of the Point A, and 
makes it appear ſometimes nearery 
and ſometimes — off, and al- 
ways in the ſame Proportion. To 
which Scraple we can give no An- 
ſwer from the Analogy of any Thing 
that has been hitherto ſaid, only that 
the Point A ought always to appear 
to be at the greateſt Diſtance» But 
Experience — the contrary, Viz. 
that it appears at different Diſtan- 
ces, according to the different Poſition 
of the Eye between the Points F and 
H, and ſcarce ever (if at all) at a 
further Diſtance than the Point A 
really is; but many times it appears 
much nearer 5 nay, the more the 
Rays which come to the Eye con- 
verge» the nearer the Image of the 
Object approaches. Thus, 5 the Eye 
be placed in the Point V, the Point 
A will ſeem to be very nearly in its 
true Place; if the Eye be moved 
backward to T the — 7 will ſeem 
to approach nearer 3 it will ap- 
pear ſtill nearer, if the Eye bein Tor L, 
and ſo by degrees till the Eye be placed 
ſomwhere near H. where the Objedt 
will appear very near, and begin to 
vaniſh confuſedly. All which ſeem 
to contradie? our Arguments and O- 
pinions, or at leaſt, do not very well 
agree with them. And this Expe- 
r1ment not only contradidts our No- 
tion, but all other that I know of, 
ly. It ſeems ſo much to over- 
t that antient and common one, 
which is more a-kin to ours than 
any other, that the learned 'Tacquer 
was forced thereby to renomce that 
Principle (apon which alone, almoſt 
all his Catoptricks depend) as uncer- 
tain, and not ts be depended npon, 
whereby he overthrew kis own Do- 
Grine----In the preſent Caſe there 
is ſomething that lies deep hid in the 
Subtlety of Nature, which perhaps cau- 
not be diſcovered, till we underſtand 
the Nature of Viſion more perſeciiy. 
Concerning which, I confeſs, I have 
not yet been able to think of any 
Thing to flatter my ſelf with, much 
leſs to give my ſelf entire Satisfa- 
din. I therefore leave this Dif- 
ficulty with you, and wiſh you beiter 


„* — 


Succeſs in ſolving it. Thus far the 
famous Dr. Barrow, 

And indeed it muſt be acknow- 
ledged, that there is a very great 
Ditficulty here. For it is evident, 
that a Candle, the Rays coming from 
which, are collected together, and 
made to converge by a convex Glaſs, 
however near, we, by a ſurprizing 
Miſtake in our Judgement, conceive 
it to be, does notwithſtanding af- 
te& the Eye when it is placed in I 
or L, exactly in the fame manner, 
as it would do, if thoſe very Rays 
came indeed. from an infinite Di- 
ſtance, as will appear by the follow- 
ing Obſervations. 

Firſt, It the Lens be fo broad, 
that we can ſee the Candle through 
it with both Eyes at the ſame time, 
though we endeavour all we can to 


make our Optical Axes — to 2 


dittant View, yet the Candle will 


never ap ſingle, but always 
double; E14 a manner double, 
that of the rwo Images of the Can- 
dle, the right Hand one will ap- 


| pear on the right Hand, and t 


left Hand one, on the left Hand. 
W hence it ĩs moſt manifeſt, that the 
Place from whence we ought to judge 
the Rays come, is beyond that where 
the optical Axes meet, be it at never 
ſo great a Diſtance that is, the 
Candle will affect che Eye in the 
ſame manner as if it were at an in- 
finite Diſtance. See the Notes on 
Chap. xxxii. Art. 31. | 

Neither can it be ſaid here, that 
the Candle is not therefore ſeen dou- 
ble, becauſe it is ſeen, as it were, at 
an infinite Diſtance ; but that it is 
only an accidenral Thing, and effect- 
ed by the Interpoſition of the Glaſs. 
For if we look through a concave 
Glaſs, it does not appear double; 
and it may be ſeen ſingle through a 
Convex-Glaſs, it either the Rye, or 
the Candle, be fo near the Glaſs, that 
the Rays fall upon the Eye; nac 
converging, but only leſs diverging ; 
in which Cafe, fuch Glaſſes are of 
great Uſe to render the Sight more 
diſtinct. 
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Object B, by means of the Ray VI, which is on the right 
Ray SI, by means of which, it ſees the 


Secondly, The Reaſon of the A - 
ce of a Candle in Preys. 


ner when looked at through a con- 


vex Glaſs, is exactly the ſame, as 
that of a Candle ſeen erect when 
the Rays are reflected by a concave 
Looking-Glaſs. In both Caſes the 
Rays are converging ; in both Ca- 
ſes the Obje& ſeems A near. 
Now in a concave G if when 
the Image is ſeen ere& behind 
the Glaſs, a Stick or a long Reed 
be ſo put between the e and 
the Superficies of the Glaſs as to 
ſtand perpendicular to the Glaſs, 
the Image of that Srick ought to 
appear of an infinite Length be- 
hind the Glaſs (as Tacquett has de- 
monſtrated in his Cateptricłs, Book III. 
2 22. and as the Thing it 
ſelf ſhows us); and yet the Image 
of the Candle muſt . ap- 
pear beyond the Image this 


Stick; however near therefore we, 


thr Prejudice, judge the Image 
of gs to oe hen thas fe 
is yet evident, that it does really 
affect the Eye, as if there were an inh- 
nite diſtance between. And che ſame 
muſt be ſaid of a convex Glaſs. 
Now here is the Difficulty 
(as the learned Perſon before - men- 
tioned obſerved) how it comes to 
paſs, that when the Rays fall up- 
on the Eye as if came really 
from an infinite Diſtance, yet the 
Candle does not ſeem (as one would 
expect) to be as remote as poſh- 
ble, bur always very near, though 
ſometimes nearer other, and 
that in a certain and conſtant Pro- 
portion. 
Now having conſidered this Diffi- 
culty on all Sides, I at laſt found out 
the following Solution of this ſurpri- 


auß Phznomenon. 5 
irſt, Becauſe we cannot judge of 


the Diſtance ot the Candle by the 


meeting of the optical Axes (for 
in this Caſe, thoſe Axes can never 
meet at all at the Candle, as was 
before demonſtrated ;) and becauſe 
tbe Judgement which we make of 


\ 


Part I, 


the Diſtance of Obje&s by one Eye 
only, is always the worſt and moſt 
uncertain, and becauſe the true Di- 
ſtance of the Candle is known be- 
fore; therefore from Prejudice and 
Prepoſſeſſion, it muſt always ſeem 


to be pretty near to ws. To which 
we may add, that we cannot by our 
Sight we any Diſtance, how 


great ſoever it be, if there be no- 
thing in che intermediate Space: 
Thus the Body ot the Sun, though 
we very well know, that it is at 
an i Diſtance from us, yet 
it ſeems very near; and were it 
not that we imagine to our ſelves, 
from the Concavity of the Heavens, 
a certain Radius of a Sphere, we 
ſhould think it ſtill much nearer, 
Thus if we look at the Sun 
through a very long Tube, which 
hinders our ſeeing any other Bo- 
— ſeems to be at the End of 


Setondiy, It ht alſo to appear 
imes — than — 99 
that in a certain and conſtant Propor- 
tion. For when the Eye is placed 
near the Glaſs, as in V, the Candle 
ſeems further off (as by the Laws 
of Opticks it ought to do) than it 
does without the Glaſs; now if the 
Eye be removed backward gradual- 
ly, the common Refraction of the 
ys will be ſuch, that the Candle 
muſt ily ſeem larger and 
brighter, in the ſame Proportion as 
the Eye recedes from the Glaſs. Now 
this Largeneſs and Brightneſs is the 
Reaſon why it ſeems nearer and 
almoſt cloſe to the Eye. | 
And this is confirmed from hence, 
chat if the Rays of the Candle are 
firſt tranſmitted t h a concave 
Glaſs __ the Bigneſs and Bright- 
neſs of it may be diminiſhed) and 


then fling through a convex 
Glaſs Cho hats to converge (as 
when we look an inverted 


Teleſcope of two Glaſſes) then we 
eaſily imagine the Candle to be at 
a very great, and almoſt infinite 
Diſtance 


9. But 
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9. But this Object will a omewhat bigger, becauſe 9. % it 
the Rays VI, SI, as they — the Eye, are incli- A. 
ned; to each other with a larger Angle, than they are be- %igger. 
fore they were refracted by the Glaſs, fo they 
ſeeming to come from the Places 2 and 3, impreſs 
an Image of the Object upon the Eye as big as if they 
poſſeſſed all the Space between 2 and 3. 

10. If the Eye be placed in L, the Rays which come „ 1% 
to it from any Point are ſtill more converging; and 04.2 — 
therefore if the Sight were confuſed before, it will be fil! bigger 
much more ſo now. And becauſe the Rays XL, and TL, f. 
which come from the two Points A and ; ot the Object, Tab. x. 
make a ſtill greater Angle than SI; VI, they muſt make 
the Object appear yet bigger. Whence it ſhould ſeem 
to follow, that the Viſion ſhould not be fo clear, but 
more obſcure; becauſe the Rays which impreſs the Image 
of the Obje& on the Eye taking «rg up- 
on the Retina, each Capillament of the Optick Nerve 
receive fewer of them in Proportion : However it is 
certain, that we can then ſee as clearly as if the I of 
the Object were ſmaller. For there are a greater Num- 
ber of Rays, which come from every Point, and which 

are diſpoſed by the Glaſs to reunite, that enter into the 
Pupil when it is ſo placed as to ſee the Object very 
large, than when it is placed where the Object appears 


11. So likewiſe if the Eye be placed in T, the Object 11: How i! 
ought to appear very bright and clear, becauſe all the 0% ee, 
Rays which come from any Point of the Object, and wholly conſu- 
fall upon the whole Superficies of the Glaſs do then en- He. 
ter into the Pupil; bur ir muſt, notwithſtanding this, 
appear very confuſed, becauſe the Rays being already col- 
lected together when they are about to enter into the 
Eye, 1 are refracted afterwards by the ſeveral Humours 
of it, and ſo are by that means diſperſed again; fo that 
thoſe which come from the fame Point of the Ob- 
ject, impreſs an Image on a great many of the Capil- 
laments of the opzick Nerves, upon which the Rays 
which come from other Neighbouring Points imprels 
their Image alſo, and this makes the Image of the Object 


wholly confuſed. 


1. Ave refrafted afterwards) Are [ the Bottom of the Eye. 
diſperſed again when they come at 


10. How it 


12. If 


64 
12. How i: 12. If the Eye be placed in M, the Object muſt ne- 
may make the ceſſarily appear inverted; for we ſee the left Side A by 


Image appear 
inverted and 


confuſed, 


ROHAULT's Sysrim - Pat); 


means of the Ray HM which is on the right Side of 
GM, by which we ſee the right Side of the Object. 
It muſt alſo neceſſarily appear confuſed; as well becauſe 
the Rays which come from any Point, as A, cannot be 
exactly collected together at all beyond the Glaſs, fo 
that the. Eye cannot put it ſelf into any Figure which 
will reunite all the Rays that come from H; as be- 
cauſe when the Rays really come from H as from 
one Point only, they fall ſo diverging upon the Eye, 
that it cannot lengthen it ſelf enough to reunite them 
upon the Retina. The Firſt of theſe Two Reaſons 
ſhows us, that in this Caſe it is impoſſible for the Eye 
to judge what Diſtance the Object is at; and 1 that it 


ſeems in that Place in which we before hand imagine it 


to be. 


1 


I, That it ſeems in that Place) 
Here we meet with another Diffi- 
culty, concerning the Place in which 
the Image ought to a , almoſt 
as great as the former, which Mr. De- 
chales propoſes in this manner, 
Book II. Prop. 11. of his Dioptricks. 
There is, ſays he, always a very great 
Difficulty in explaining the manner 
how the Eye ſees the Place of the 
| Object, but in this Caſe 
Tab, X. there is a very particular 

Difficulty, becauſe Reaſon 
and Experience do not ſeem to agree 
together, nay, the Experience here is 
contrary to other Experiments alſo, 
For it is evident from Experience, 
that the Objett AB is not ſeen in 
the Place of its Image, vit. in GH, 
when the Eye is placed in M, for I 
have tried That a hundred Times, 
and turned the Glaſſes all Ways in 
order to find if I conld poſſibly. make 
it ſucceed ſo. However, according to 
Reaſon, it onght without all Doubt to 
be ſeen in the Place of the Image, viz. 
in GH. For when the Object AB 
affect the Eye by the Rays of its 
ſmage, it ſhould ſeem as if it ought 
ſo to affect the Eye as if it were 
in GTH. . For if the Point A, for 
Inſtance, were in H, it would ſend 
forth Rays from H to the Eye in M; 
and though it be in its proper Place 
viz, in the Point A, yet it ſends 


x3. If 


| forth Rays in the ſame mannes as 


if they came from the Point H; 
therefore it ſeems as if it ſhould 
affet? the Eye in the ſame manner 
as if it were in the Point H. 

To this Difficulty, this famous 
Perſon anſwers, That the Body AB is 
indeed really ſeen by the Eye M in 
the Place of its Image GYH 3 bur 
becauſe it can be ſeen only by one 
Eye at a Time, therefore by a mi- 
ſtaken Judgement, we imagine i: to 
be further from us. Thus far He. 

I have oftentimes ſo ordered the 
Glaſs, that the Obje& AB (which 
ought ro be a Candle) may be ſeen 
with both Eyes N and P at the 
fame Time, It it be a very lar 
Glaſs the Candle may very eafily 
ſeen with both Eyes at the fame 
Time. 

Having therefore made exact Ob- 
ſervation of this Matter through ſuch 
a Glaſs, Laffirm, that the Body AB 
is ſeen by the Eyes N exactly in the 
Place of its Image GYH 
For if the optical Axes Tab. X 
be fo directed, as to meet | 
in the Superficies of the Glaſs, the 
Candle will always be ſeen double, 
and in ſuch a manner double, . that 
the right Hand Image is ſeen by the 
lefr Eye, and the left Hand Image 
by the right Eye. Whenceit is moſt 
manifeſt, that the Image is placed 

within 
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13. It the Eye be ſuppoſed in N, the Second of theſe 14. How rhe 
Realons will not take Place, and therefore the Object 5 "7 
ought to be ſeen a little more aiſtine#, but always verred and 
inverted, for the Reaſon above-mentioned. And as to H ©4/%/c4. 
the Bigneſs of it, we judge of that by the Largeneſs of 

the Angle made by the Rays, which come from the Ex- 

tremities of the Object, at their Entrance into the Eye, 
compared with the Diſtance which we imagine it to be at. 

But it muſt not here be omitted, that the Space OP 

and QR, _— which the Rays which come from each 
Extremity of Object diffuſe themſelves, is ſo much 

the greater as it is further diſtant from Y, where the 

Rays which come from every Point of the Object meet. 

And this make the Space OP, where the Eye receives 1 
the Impreſſion of the two Extremities A and B at the ö 
ſame Time, to be ſo much the bigger alſo; ſo that there 
is a large Space for the Eye to move about in, where it 

will always ſee the whole Object. Fry 

14. Hitherto we ſuppoſed the Object to be ſo far re- 14. How ie 

moved from the convex Glaſs, that the Rays coming — —.— 
from it might eaſily be reunited in the Bottom of the iind. 
Eye; let us now ſuppoſe it ſo near the Glaſs, that the 
Rays which come from any one Point of it, have no 
Tendency towards uniting together, after they are paſſed 
through it, but are only made much leſs diverging than 

they. were before: Let us ſuppole alſo, the Eye to be at 

ſuch a Diſtance from the Glaſs, that the Refractions which 
are made at the Entrance into each of the Humours be 
ſuch, as will cauſe the Rays which come from any fin- 
gle Point of the Object, to unite again in one Point up- 
on the Retina; in this Caſe it is evident, that the Viſion 
muſt be exceedingly diſtin. For, beſides that the Rays 
which come from different Points of the Object, do not 
at all confound each other, the whole Image impreſſed 
by them is ſo large, that there is a ſufficient Number 

Capillaments of the Optick Nerve, to cauſe the Soul 

to perceive a great many Particulars, which it would 


r 0 — . —— — — ng 


within the Place of Concourſe of | But in the former Caſe, where the 
the optical Axes, that is, between the | optical Axes were directed to a 
Glaſs and the Eye, viz. in GYH. See | Point further diſtant, becauſe the 
the Notes on Chap. xxxii. Art. 31. | Image of a Candle do&s not termi- 
But further, if the optical Axes be | nate the Sight like a ſolid Body, 
ſo directed as to meet on this Side | and becauſe we were beforthand pre- 
the Glaſs, the Candle will be ſeen J judiced concerning the true Place of 
hingle, and maniteſtly on this Side 1 therefore it ſeems to be at a greater 


the Claſs. 
| other - 


otherwiſe have taken no notice of, if the Image had been 

ſo ſmall, that the Rays which came from two adjoin- 

ing Points of the Object, had been forced to meet to- 

| — two different Points of one and the ſame Ca- 
lament. 

x5- Concern= 15. Upon this Foundation it is, that thoſe ſmall 


_— Glaſſes which we call Microſcopes, are made. They con- 


ſift of 1 one Glaſs only, which is fo convex, that if a 
Flea, or any other ſmall Object be placed at about 
an Inch Di from the Eye, and the Glaſs be put 
between them, it will cauſe the Rays which come from 
any fingle Point of ſuch a ſmall Object, and which di- 
verge very much, to diverge afterwards fo little, that 
the ordinary Refractions of the Humours of the Eye, 
will determine them to unite in one Point on the Retina. 
this Means the Eye which without a Glaſs cannot 
ſee any Object diſtinctly which is nearer than a Foot 
Diſtance from it, may be made to ſee one which is 
twelve Times nearer it. From whence it follows, 
that the Diameter of the I which this Object im- 
| es upon the Retina is twelve times larger, and con- 
— that the whole Superficies is a Hundred and 
Forty Four times as large, as it would be, if the Ob- 
ject were at a Foot Diſtance ; wherefore ſince it ex- 
tends it ſelf upon a Hundred and Forty Four times as 
— Capillaments of the Optick Nerve as it would 
. but be ſeen very di- 
inctly. | 
16. How a Al us now examine a concave Glaſs, ſuch as 


' concave that in the Figure CDEFGH, the Property of which 


2 is, according to what was before ſaid, to make the 
which come Rays which it receives from any ſingle Point of an 
2 Object, to become more diverging than they were be- 
05jea. foreè they paſſed through the Glaſs. Thus the Rays 
Tab. XI. which come from the Point A, and fall upon that 
Part of the Glaſs marked VX, ſpread themſelves after 

they are paſſed through it, from R to Z; and thoſe 

which come from the Point B, and fall upon the ſame 

Space VX, extend themſelves through the Space YT. 

Further, it is alſo the Property of a concave Glaſs, ſo 

to incline che Rays, which come from two different 


I. They conſiſt of one Glaſs 22 Things have been found out by 
There are ſome which conſiſt of ſe- | the Help of theſe Microſcopes, may be 
veral Glaſſes, that are much more | ſeen in Mr. Hook's Micrography, and 
nice. What and bow ſurprizing | in others. : : 
Points 
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Points of the Object, to each other; that when they 
meet together, they make a leſs Angle than would 
do, if they had Ir through ſuch a Glaſs. For 
inſtance, the Ray MI which comes from the Extremity 
of the Object A, and the Ray LI which comes from 
the other Extremity B, make ſo ſmall an Angle, viz. 
_— . they ſeem to come from the Places mark- 

17. Whence it follows, that if the Eye be placed in I 17. tow ir 
and look upon the Object AB, it will ſee it confuſedly : g mate the 
Becauſe the Rays which come from every Point, are ſo fd. — 
diverging, that the Refractions of the Humours of the 
Eye cannot make them unite in ſo many Points upon 
the Retina. 

18. However, there may be ſome Eyes fo much long- 18. Tac i: 
er and more gibbous than ordinary, as to reunite the 7 mate 
Rays which they receive from any ſingle Point of a di- 2 
ſtant Object, before they come to the Retina, fo that findy. 
they can ſee only near Objects diſtinctly; they there- 
fore who have ſuch Sort of Eyes as theſe, may make 
good uſe of a concave Glaſs to ſee diſtant Objects 

iſtinctly with; becauſe by this Means the Rays which 
come from any ſingle Point of the Object are made fo 
diverging, that the large Refractions made by the Humours 
of ſuch Eyes, do not reunite them before they come at 
the Retina. | 

19. If an Eye of the ordinary Figure be placed at a 19. tw i: 
greater Diſtance from the Glaſs, as at P, it will ſee ſome- may ſome- 
what more diſtin&#ly, becauſe the Rays which fall upon 4 5. 7% 
the Pupil from any ſingle Point of the Object are leſs an«ſamerimes 
diverging than they were in I; and on the other Hand, more confuſed. 
an Eye too long or too gibbous will ſee it ſo much the 
more confuſedly as the Point P is further from the Glaſs, 
becauſe the Rays which come from any ſingle Point of 
the Object, being leſs diverging, the Refractions made in 
the Eye, determine them to meet before they come to the 
Retina. 

20. But whatſoever the Figure of our Eyes be, whe- 20. That ir 
ther they are fitted to ſee Objects that are near, or ſuch Few: the 06- 
as are at a Diſtance; whoever makes uſe of ſuch a Fin. 
Glaſs will ſee the Object in its true Situation; for the 
Rays which cauſe us to ſee the right Side of the Ob- 


ject, come to us from the right Side; and thoſe which 


cauſe us to ſee the left Side, come from the left Side. | 
| 21. As 
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21. Thatie 21. As to the Diſtance, it makes that ſeem leſs than 
— it really is, becauſe when the Rays which come from 
Abs any one Point, enter into the Humours of the Eye, 
they diverge juſt as much as they would do, if the 
did indeed come from a Point of an Object ch 
nearer, ill 61244 DAR | 
, 22. That ii 22, And as to the Bigneſs; becauſe the Extremities 
— of the Object are ſeen by Rays which make a leſs Angle 
than they would make without a Glaſs, it follows, that it 
muſt appear much leſs. 

HEINE 95 3 ce the _ which 1 5 from Fare . 
„e Of the Object are made more divergin in 
ä through a 2 Glaſs, it follows, n * deer of 

them can enter into the Pupil, than if they had not 
paſſed through the Glaſs; however the Viſion ought 
not to be the leſs clear upon this Account; becauſe 
this is made good by the Image being impreſſed on a 
leſs Space of the Retina, ſo that every Capillament 
of the Oprtick Nerve is ſufficiently ſhaked to cauſe 
us, when we look through ſuch a Glaſs, to fee the 
98 as clear as when we look on it without a 
24.Thatit 24. To what has been hitherto ſaid concerning the 
makes a large Concave Glaſs, we may add, that the Space RT, which 
Gehe. contains the Rays that come from the two Extremi- 
ſeen in, ties of the Object, being very large, it follows, that 
the Eye may ſee the Object entire in any Part of this 

large Space. | 
25- Concern= 25, One of the beſt Inventions of our Age, is that of 
ingTeleſcopes. Teleſcopes. For by the Help of them we have not on- 
ly diſcovered ſome Patticulan in the Stars, which were 
not obſerved before, but they ſhow us alſo a Multitude 
of - new Stars in the Heavens, which we cannot ſee 
without them, nor ſhould we ever have come to the 
Knowledge of them otherwiſe. They were indeed firſt 
diſcovered by Chance; but the Invention appeared ſo 
ſurprizing, and ſo uſeſul, that the greateſt Genius's have 
laboured hard to bring them to the higheſt Perfection 
poſſible. I cannot therefore forbear explaining the Na- 
ture of them in this Place; and the fo 9 1 will very 
much confirm all that has been hitherto ſaid about Vi- 


ſion. They conſiſt commonly of two Glaſſes, fixed to 
each End of a Tube: That Glaſs which is at the End 
next the Object, and is for that Reaſon called the Ob - 
jeet-Glaſs, is a little convex, and the other Glaſs which 

is 
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is at the End of the Tube next the Eye, and is therefore 
called the Eye-G/afs, is on the other Hand, very * con- 
cave, that is, much thinner in the Middle, than at the 
extreme Parts. 


26. The Object-Glaſt cauſes all the Rays which come 26. The Pre- 


from every ſingle Point of the Object, to unite together ve- 
ry nearly in as many different Points, on a Superficies 
which we are to ſuppoſe on this Side the Glaſs, at a 
greater or leſs Diſtance from it, according as the Glaſs 
is more or leſs convex; now becauſe the Rays which 
come from different Points of the Object, croſs one ano- 
ther as they paſs through the Glaſs, it is eaſy to con- 
ceive, that they paint fuch a Sort of an Image upon this 
Superficies as we have before ſhown they do upon the 
Retina, and that it is ſo much the larger, as the reuniting 
of the Rays, cauſes it to be at a greater Diſtance from 
the Glaſs : If therefore the Bottom of the Eye were put 
in the Place of this Superficies, and it were poſſible for 
the Humours of it not to make any Refractions; we 
ſhould have a very large Image impreſſed on the Retina, 
by Means of this ſingle Glaſs, and it would fall upon fo 
great a Number of the ſmall Capillaments of the oQ 
tick Nerve, which would receive diſtinctly the Impreſſi- 
on of every ſmall Part of the Object, that it would 
- impoſſible but that the Viſion muſt be very di- 
inct. 
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perty of the 
0bject-Glaſee 


27. But becauſe the Humours of the Eye cannot be 27. The Pre- 
hindred from cauſing the uſual Refractions, they muſt — > hs . 


neceſſarily ſo refract the Rays which come from every 
Point of the Object, and which had before a Tendency 
to unite together, that they will unite before they come 
at the Retina, and then ſeparating again, will impreſs a 
confuſed Image upon that Tunick. Now the Eye-G/aſs 
is ſo fitly placed between the Object᷑-Glaſt and the Place 
where it would make the Rays meet; that it cauſes thoſe 
which come from any Point of the Object converging, 
to become parallel, or rather a little diverging ; but yer 
it does not hinder the Rays which come from different 
Points, from being as much diſperſed as they were when 
they croſſed each other in paſſing through the Object- 
Glas. And thus the Refractions neceſſarily made by the 


leſcopes con iſting of rwo, chree, VIII. Part. II, Chap. XXXIX, xl, xl, 


Hu- 


1. = po There are alſo Te- ing which, ſee Regis Phyſics, Book 


or four couvex Glatles ; Concern- 


28. Ny theſe 
; Glaſſes the 

longer t 

are — PR la, or any ſuch like Figure, and not the Curvature of a 

Sight ſo much 

the more ob- 

ſcare. 


* 
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Humours of the Eye, inſtead of being injurious, as they 


were without this Glaſs, become very uſeful with it; for 
unite thoſe Rays which this Eye-Glaſs diſperſed ; 
by this Means the Image which the Object impreſ- 
ſes on the Retina becomes perfectly diſtinct, and at the 
ſame Time very large. hence it follows, that the 
Object is ſeen Aan hy and 1 ſo much the bigger as the 
Rays which come from any one of theſe Points, are 
leſs diverging, and make us think it at a greater 
Diſtance. 
28. The beſt Curvature that can be of the Superfi- 
cies of Glaſſes for Teleſcopes, is, 2 that ot an Hyperbo- 


Sphere. But Workmen have not yet been able to _ 


1. So much the hig ger as the Rays | Firſt, The unequal Refraction of 
whith come from any one of theſe | the Rays themſelves 5 (See the Notes 
Points are leſs diverging, and make | on Chap. xxvii. Art. 52+) by which 
us think it at a greater Diſtance.) | means neither theEye-Glaſs (which is 
That is, by how much the Rays | Convex) can be made of Spheres 
of every Pencil being leſs diſperſed, | ſmall enough to ify the Ob- 
make it appear further off. For | ject; nor the Obje&-Glaſs of a ſuf- 
the further the Obje& ſeems to be | ficient Aperture, to render the Ob- 
from us, the more do we neceſlari- | je& bright and diſtin, but every 


tH imagine the Pencils of Rays, which | Thing will immediately be tinged 


croſs one another as they paſs thro* | with Colours, and confounded by 


the Obje&-Glaſs, to divaricate, that | the unequal Refraction of the Rays. 


is, the Objeft ſeems ſo much the | For the eminent Sir Iſaac Newton 
, has ſhown, that the Difference be- 
2. That of an Hyperbola, or any | tween the Refraction of the leaſt 
ſuch like Figure, &.) Cartes took a | and moſt — — Rays, is about 
great deal of Pains about theſe fort | the Twenty ſeventh of the 
of Figures, and about the manner | whole Refraction of the mean re- 
of poliſhing Glaſſes, bur with no | frangible Rays; and that the Focus 
great ——ons. þ For it is evident, | of the moſt retrangible Rays is 
that Spherical Glaſſes, as they can | nearer to the Objef-Glaſs than the 
be more eaſily and more accurately | Focus of the leaſt refrangible ones 
made, than Elliptical or Hyperbolt- | by about a Twenty ſeventh Parr 
cal ones; ſo are they to be prefer- | and a Half of the whole Diſtance 
red before ſuch upon this Account, between the Obje&#-Glaſs and the 
becauſe they do more exactly re-] Focus of the mean refrangible Rays. 
tract the Pencils of Rays which are EPs 74. And therefore the 
out of the Axis of the Glaſs. And | greateſt Errours which ariſe from 
indeed, it is not to be aſcribed | the ſpherical Figare of the Glaſs, are 
to the Unkitneſs of the Figures | very much leſs than the Errours 
of the Glaſſes, but to quite other | which ariſe from the unequal Re- 
es, that Teleſcopes cannot be | fraction of the Rays themſelves; 


made abſolutely perfect and com- | nay, in ſome Caſes, the Proportion 
pleat. The Two Principal of which | is as great berween them, as 1200 
— 89.) From whence it 


Cauſes are theſe, tO 1 
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their Glaſſes of any other Curvature bur that of a 
Sphere, of which they take fo ſmall a Part, that it does 
not ſenſibly differ from an Hyperbota. But then there 
is this Inconvenience attends it, that there does not fall ſo 
many Rays upon it from any one Point of the Object, as 
there would do if the Glaſs were larger; and conſe- 
quently all the Rays which come from the whole Object, 
and which ſpread themſelves upon a large Portion of the 
Retina, ſhake but a very few of the Capillaments of the 
Optick Nerve; and this is the Reaſon why we ſee TP 
more obſcurely, than when we do not uſe ſuch a Glaſs ; 
and the longer ſuch Glaſs is, and the fewer the Rays are 
which come upon the Pupil from any Point of the Ob- 
jet, ſo much the weaker and more obſcure muſt that 


Stars, is in 2 


Object appear. 


abundantly appearing, that not the 
erical Figure of the Glaſſes, but 
the different Retrangibility of the 
Rays themſelves, is the Cauſe why 
Teleſcopes have not hitherto been 
made abſolutely et and com- 
pleat, and that there can be no Re- 
medy for this — by any 
way figuring or poliſhing reſfractin 
Glaſer. the 1 erſon, — 
length invented, and agreeable to 
Experiments, propoſed the manner 
of making a Teleſcope which ſhould 
cauſe the Object to be ſeen by Re- 
flexion : Concerning the Conitructi- 
on and Uſe of which Inſtrument, 
See Optic. 7% 95. 
Secondly, F the Theory of making 
Teleſcopes conld at length be fully 
brought into Prattice, yet there would 
be certain Bounds» beyond which Te- 
leſcopes conld not perform, For the 
Air thronugh which we look upon the 
Tremor 3 
45 may be ſeen by the tremulons Mo- 
tion of Shadows caſt from high 


Towers, and by the twinkling of the 
fixed Stars. But theſe Stars do not 
twinkle when viewed through Teleſ- 


copes which have lavger 2 
| 2 the Rays of Light which paſs 
thromgh diverſe Parts of the Aper- 
ture tremble each of them apart, 
and by means of their various,” aud 
ſometimes contrary Tremors, fall as 
one and the ſame ap 
different Points in the Bottom of the 
Eye, and their trembling Motions 
are too quick and confuſed to be per- 
ceived ſeverally. And all theſe illa- 
minated Points ft | for broad 
lucid Point, c ed of thoſe many 
trembling Peincs confuſed and in- 
ſenſibly mixed with one another by 
very ſhort and ſwiſt Tremors, and 
thereby canſe the Star to apear broag- 
er than it is: and without any Trem- 
bling of the Whole. Long Teleſcopes 
may canſe Objects to appear brighter 
and larger than ſhort ones can do, 
but they cannot be ſo formed as to 
take away that Confuſion of the Rays 


which aviſes from the Tremors of 
the Atmoſphere, The only Remedy is 
a moſt ſerene and quiet Air, ſuch as 
may perhaps be found on the Tops Z 
the hizheſt Mountains above the . - 
ſer Clonds, Newt, Opticks p. 9 


CHAP. 
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CHAP. XXXIV. 
Of Looking-Glaſſes. 


1. Ofthe dif; TY ESIDES plain Looking-Glaſſes, which are every 
17 —— B where uſed, there are = other Sorts, viz. Convex 
Glaſſes. and Concave ones, not to mention thoſe which are com- 
pounded of theſe three Sorts, which are capable of being 
infinitely diverſify d. N 
2. The cm- 2. Each Sort of Looking-Glaſſes has indeed its par- 
mon Property ticular Property or Manner of repreſenting the Object; 
ES but in this they all agree, that they ſo reflect the Rays 
Glaſſe, of Light, that the Angle of Incidence is equal to the An- 
gle of Reflexion, and that the reflected Ray is not in the 
leaſt turned aſide, either to the right Hand or to the Left; 
that is to ſay, 1 the incident and reflected Rays are al- 
ways in the ſame Plane which is perpendicular to the 
Superficies of the Glaſs ; whence it follows, that though 
the viſible Object ſends forth from every Point a Multi- 
tude of Rays which are reflected by the whole Superfi- 
cies of the Glaſs, yet a determinate Number of them 


«. © we hs © — , . a . . at. co is oo 


only can come to the Eye when it is fixed in a certain 


Place, 


1. The incident and veflefled Rays 
are always in the ſam: Plane which 
is perpendicular to the Snperficies of 
the Glaſs) This Property wonder- 
fully perplexed the famous Dr. Bar- 
row; you will not eaſily find any 
good and clear Account of this Mat- 
ter amongſ? the Writers of Optichs ; 
almoſt every Thing that they alledge 
with relation to it, is either begg iu 
the firſt Principle, or elſe labours un- 
der ſome incomprehenſible Obſcurity ; 
nor do I much wonder that this ſhon!d 
be the Caſe of thoſe who always con- 
ſider a Ray of Light as one continued 
fireight Line; which if granted, I 
can ſcarce believe it poſſible to aſſign 
any good Reaſon for this Thing. I 
therefore think that a Ray of Light 
is not a mere Line, but a Body endurd 
with all the Dimenſions ; ſo that it may 
be cylindrical or priſmatical, &c. 


Led. I. Sed. 11. But there do Dot 


ſeem to be any neceſſity of recurri 
to the Figure of the Rays; it is 
one whether they be cy- 

lindrical or priſmatical, Tab, II. 
whether they be ſolid Bo- Fig. 6. 
dies or indiviſible Lines. 

For let GBL be the Superficies of 
the Earth (which I ſuppoſe to be 
plain and ſmooth) A the North, I 
the South, AB a Ray of Light. Now 
it is evident, that this Ray of Light 
is carried with a double Derermina- 
tion, the one AG downwards to 
the Earth, the other AH directly 
to the South; the firſt Determina- 
tion is reſiſted by the Superticies of 
the Earth, the other is not ; the Ray 
therefore ought to go on directly to 
the South with this Determination, 
that is, in a Plane perpendicular to 
the Superficeĩes of the Earth ; nor can 


it turn towards the Eaſt in an ob- 


lique Plane. : 
3. This 
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plain king- . How 
Loo plats — 4 
ing - Glaſ. 
drawn from any Point at Pleaſure, ſup- — — 


3. This being ſuppoſed, let AB be a 
Glaſs, by Means of which the Eye C ſees the Object 
DE; having 
poſe D, the Line DIL dicular to the Superficies . 70: i 
of the Glaſs, we ſhall ſhow that this Point D ought to t 
be ſeen in the Point L of this Perpendicular, ſo that the Tab. VI. 
Diſtance IL, which we imagine it to be at behind the Fig. 5: 
Glaſs, ſhall be equal to the Line ID; 1 for it is eaſy 
to demonſtrate, — the Rays DF, DG» by which the 
Point D affect the Senſe, are fo reflected in the Lines 
FC, © GH, that they enter into the _ N as if 
they really came from the Point L; fo that this di- 
verging of the Rays cauſes the Eye to put it ſelf 
into ſuch a Shape, as gives occaſion to the Soul to ima- 
gine that it ſees the Object really in the Point L. 

4. And as the Point D was taken at pleaſure, what 4. Thar the 
has been faid concerning that, ought equally to be un- „1 je 
derſtood of all other Points of the Object ; and therefore it — 8 Pr 4 « 
is evident, that when we look upon an Object in a % plain 
plain Looking-Glaſs, the whole Image ought to appear Gans, 3 
as far behind the Glaſs, as the Object is placed before * 72 this 
it \ ide of it. 
5. It is further evident, that this Object ought alſo to 5. That 4 
appear of the ſame Bigneſs, as if it were really placed in LM: e 
or the Space which the Image ſeems to take up, is com- — * 
ended between two parallel Lines which are at the we 04jed ap- 
ame Diſtance from each other as the Extremities of the fra of 
Object are. g 

6. Laſtly, This Object ought fo to appear in the Look — 6. That it 
ing-Glaſs, that the upper Part ſhould be ſeen above, and 5, f. 
the right Side on the right Side, and fo of the reſt. ue Siruati- 
Thus the Part D, which is higher than E being ſeen by *, 
the Rays of Incidence DF, DG, and by the reflected Fi. 
Rays FC, GH, which ſeem to come from the Point 
L; and the lower Part E being ſeen 15 Rays of 
Incidence EN, EO, and by the reflected Rays NC, OH 


1. For it is eaſy to demonſtrate, &c.) | are right, and the Side IF common. 
For the Angle DFI = to the An- Therefore the Triangles DFI and 
gle CFB: and the An- IFL are fimilar and equal. In like 
Tab. VII. gle CFB = to the An- manner the Triangles DGI and 
Fig. 3. ple 1FL, therefore the | IGL are ſimilar and equal: There - 
Angle DFI = to the | fore the Triangles DGF and FGL 


Angle IFL ; and the Angles at I | are fimilar and equal, QE. P. 


T which 


274 ROHAULT's SysTEM Part I. 
which ſeem ro come from the Point M; we refer the 

Senfation which we have of the Point D to the Place L, 

and that which we have of the Point E to the Place M, 

which 1s — than L. IF 3 3 

7. That it is What been ſaid concerning one Eye, t 
N coals to be underſtood of the other. And indeed if 


ther welook We ſuppoſe the. Spectator principally attentive to look 


»pon theGlaſi upon the Point L, it will eaſily appear, that his two Op- 
8 a5 hk dea Axes, will be ſo inclined to each other, that they 


will ſeem to meet in the Point L. Whence it follows, 
that the Rays which come from every Point of the Ob- 


ject to enter into one of 


the Eyes, ſeem to come from. 


the ſame Points beyond the Glaſs, from whence the Rays 
ſeem to come which cauſe every Point of the Object to 


be ſeen by the other Eye. 


8. That «a 8. As to a convex Looking-Glaſs, ſuch as that in the 
—_— Figure repreſented by ABC, by Means of which the Eye 


onrht to make 
the Object ap- 
pear at a leſs 


iftance be- 
bind the 


Tab. IX, 


9. That it 


engt to ap- 


10. That it 


D ſees the Object 


F, i it is eaſy to apprehend, that it 


ſo reflects the Rays which fall upon it from any Point of 
the Object, ſuch as EB, EG, that the reflected Rays 


BD, GH diverge 


juſt as much as if they really came 


e from the Point I, which is at a much leſs Diſtance be- 
#5 08 th OI Mes 


hind the Glaſs than the Object is before it: And this 
is the Reaſon why we ſee the Image much nearer than 


when we look upon a plain L 


ooking-Glaſs. 


. Further, the Point L from whence the Rays MD, 
— NA, ſeem to come, by which we ſee the Point F, 2 is 
"Jn" fo near the Point I, that IL appears much leſs than EF, 
that is, a convex Looking-Glaſs makes the Object ap- 
pear much leſs than it really is. | 
Io. But though in this a convex and plain Looking- 
„gb to . Glaſs differ from each other, yet they agree in another 


pear ines ; Particular, wiz. that they both make the Object to be 
„. ſeen in its true Situation, as appears from hence, that 


I. It is eaſy to apprehend, &c- 


reaſon the Rays of every Pencil 


This may eaſily be demonſtrated, if | are more diſperſed, is not fo far 

we draw a ſtraight | diſtant from the Vertex of the 

Tab, IX. Line BG re >4r Angle of Viſion as in a plain Look- 
85 


Fig. 1. a plain Looking-Gl 
; and compare it (as to 
the Situation) with the Tangents of 
the Points B and G. 

2. Is ſo near the Point I,) There 
are two Reaſons of this. Firſt, Be- 


cauſe the Image in this Glaſs, by 


ing-Glaſs, Secondly, Becauſe this 
Angle of Viſion is therefore leſs, 
becauſe the Portion of the Glaſs upon 
which the Rays that are reflected 
to the Eye, fall, is leſs than in 2 
plain Looking-Glafs, 


the 
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the Rays EBD, EGH, by which the Eye ſees the 
Point E are higher than the Rays FMD, FNH, by 
which it ſees the Point F, which is the lower Part 
of it. 

11. As to Viſion made in looking upon a, concave 11. #%y 4 
Looking-Glaſs, it may be diverlify'd ſeveral Ways ac- Eee | 
cording as the Eye and the Object are in different Po- a — 
ſitions. Let us ſuppoſe a concave ſpherical Looking- % a- | 
Glaſs, whoſe Center is about the Point I; and let us $5217, 4 
imagine in the firſt Place, that by Means thereof the Eye farce behind 
D ſees the Object EF which is pretty near the Superfi- ft. 
cies of it. This being ſuppoſed, the Rays EB, EG which * Ly 
come from the Point E, are fo reflected to the Pupil, Fig. 2+ 
that BD, GK diverge but very little, and ſeem to come { 
from the Point H, which is at a much greater diſtance | 
beyond the Glaſs, than the Object is on this Side of it. 1 | 
And this makes us refer the Image of it to a greater | | 
diſtance than if we look on a plain Looking-Glaſs, and 
to a ſtill greater than when we look on a convex Look- | 
ing-Glaſs. 

12. As to the Rays which come from different Points ta. How 7+ 
of the Object. they are in this Caſe fo reflected, that 2 . | 
thoſe which affect the Senſe from the upper Part of the p i 12 | 
Object, are higher than thoſe which affect the Senſe eme Sitnaci- | 
| 
| 


from the lower Part of it; thus the Rays BD, GK, r 
which cauſe the Senſation of the Point E, are higher than > Object. 
the Rays ID, LK, which cauſe the Senſation of the Ib. IX. 
Point jy ; and theſe Rays ID, LK, ſeeming when the 8 8 
enter into the _ as if they came from the Point M. 

ate the Cauſe of ſeeing the Point F as if it were in M. 

And becauſe HM is much bigger than EF, it fol- 

lows that the Object ought not only to appear in its rue 

Situation, but allo much bigger than it really is. 

13. The Rays EN, FO, as they go towards the Glaſs 13. How it 
divide more and more from each other; wherefore if e aer 
they be continued backwards, they muſt meet together j,verred. 
ſomewhere in the Point P, and afterwards dividing a- T>-1X. 
gain that which was uppermoſt, will be lowermoſt, and ä 
that which was lowermoſt will be uppermoſt; whence 


wo cannot but conclude, that if an Object be in QR. 


| Is And this makes us refer the the concave Looking-Glaſs here is 
Image, &c.) See the Notes on Chap. | the ſame as that of the convex Glaſs 
XXI. Art. 7. for the Caſe of * there, 


T 2 it 


_ ROMAULT's SYSTEM Part I. 
it muſt appear inverted; but becauſe the Rays which 
ought to affect the Senſe from any ſingle Point of it, I 
fall in ſuch a manner upon the Superficies of the Glaſs I 

that as they are reflected to the Eye, they croſs one 
another in ſeveral Places between the Glaſs; and fo v 
cannot be reunited in one Point upon the Retina, there- N c 
fore the Viſion muſt be very confuſed. R 
14- How it 14, If the Eye be placed exactly in the Center ofa Un 
9 concave Looking-Glaſs, it can ſee nothing but the Pupil; ¶ it 
can beſeey, for thoſe Rays only which fall Nr on the il a 
ſpherical Superficies, are reflected to the Center; and | 
ſe Rays only which come from the Center fall = tl 

pendicularly upon the Superficies ; wherefore the Rays 
which go from the - Pupil and fall upon the whole Su- ot 
perficies of the Glaſs, return from thence to the Eye m 
again, I muſt therefore ſee the Pupil ſpread all over 

e 


f. Howthe 15. If the Object EF continues in its Place, and the R. 
2 Eye be moved to X, between the Rays BD, GK, pro- 
large. ” longued; it is evident, that it will ſtill ſee the Point E . 
= IX. by means of ſome of thoſe Rays which it ſaw it by be- be 
5-* fore; but it will not ſee the Point E, by Means of the fff co 
Rays ID, LK, which came to it from the Part IL of I as 

the Looking-Glaſs; inſtead of which, thoſe which fall co! 

from F upon Y, and go from thence to X will make I is, 

the Point F to be ſeen, and NY it will ſeem IF anc 

cg * in Z, and ſo the Object will appear as ſtai 

as HZ. 
76. How it 16. If the Eye continues in D, and the Object EF be 
Han, removed backward to P, the Rays which come from 

faſed, * every Point of it, and fall upon any Part of the Glaſs 2 
as BG, will be leſs diverging than they were before. perl 
Wherefore after Reflexion they will become converging, Fi 
and more diſpoſed to unite, when they enter into the 

Eye, than they ordinarily are, and ſo muſt really unite I Ti. 

before they come at the Retina, which will make the I is: 

Viſion confuſed. But it will be ſtill more confuſed if the pe 

Eye be in that Place where the Rays which come from | dia 
every Point of the Object meet together again; for theſe I 98" 
Rays at their Entrance into the Eye will begin to be 1 ſe- are re 


1. Separated by Reſractien) They y merely by receding from the Point 1K 
ae Countn, not by Retraction, but | e they croſs — 2 
, parated the v 


te 
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parated by Refraction, and will be ſeparated more and 
more by the Humours of it. | 

17. If the Object remain in P, and the Eye be remo- 17. Another 
ved a little from the Place where the Rays which _ "x 
come from every Point of the Obje& reunite, the — 
Rays when they enter into the Pupil, will diverge too 
much; wherefore becauſe the Eye cannot lengthen 
1 ſelf enough, the Object will appear confuſed here 

O. . 
18. But if the Eye be moved ſo far backward from 18. How the 
that Place where the Rays reunite, that the Rays which % may be 
enter into it, be not too much diverging, the Viſion — ry 
ought then to be diſtin ; and what is here very re- the concave 
markable, and the moſt ſurprizing Effect of a concave s 
Looking-Glaſs, is this; that becauſe we are accuſtomed 
to refer our Senſation to the Place from whence the 
Rays which affect the Eye from every Point of the 
Object ſeem to come, therefore the Image muſt appear 
between the Glaſs and the E ye ; ſo that if a drawn Sword 
be preſented before the Glaſs, we ſhall ſee the Blade 
come out from the Glaſs, and grow longer and longer 
as we approach nearer to it; becauſe the Rays which 
come from every Point of the Object, the nearer it 
is, are the leſs inclined to each other after Reflexion, 
and therefore meet together at ſo much the greater Di- 


ſtance. 1 


/ 


19. It 
1. The Phænomena of a concave | upon the Glaſs, th 
Looking-Glaſs, may be very pro- muſt neceflarily be all Tab. IX. 
perly reduced to hve Cafes, reflected to the Center Fig. 2. 


it ſelf; therefore where- ö 
ever the Eye is placed, out of the 
Center or any of the Lines tendin 
to the Center, it is evident, that 1: 
cannot ſee the Candle at all in the 
Glaſs. 

Thirdly, Let the Eye be in the 
Center J. Then becauſe no Rays 


Firſt, Let the Arrow or the Can- 
dle EF be near the Glaſs, Now 
becauſe the Pencils 

Tab. IX, EBGKD, FILKD do 
Fige 2. not croſs each other, 
whereſoever the Eye be 
placed, whether it be near or at a 
diſtance; therefore the Image HM 


hr always to appear erect. And 
be be Rays 01 thoſe Pencils 
are reflected, not converging to each 
other, but only leſs div erging, there- 
fore the Candle onght to appear to 
be « a certain Diſtance beyond the 
Glaſs. 

Secondly, Let the Candle be in 
the very Center T. Then becauſe 
all the Rays fall perpendicularly 


but thoſe which fall perpendicular- 
ly are reflected ro the Center; 
therefore the Eye can ſee nothing but 
its own Image ſpread all over the 
Glaſs. 

Fourthly, Let the candle M be 
ſurther diſtant from the Glaſs, and 
the Eye KD farther diſtant alſo. 
Then becauſe the Pencils OO, RN, 
crols each other, it is evident, that 

T 3 cha 
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19. That Ob- 19. It may be obſerved here, that they have been 


Jes do not 
paint their J- 


mages on the 
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very much miſtaken, who 


Objects paint their Images upon the Superficies of 


Part T, 


have affirmed, that wiſible 
Loo mg- 


Superficies of Glaſſes; for every Thing there is ſo confufed, that there is 
no one Part of the Glaſs but receives Rays from all Parts 
of the Object at the fame Time; and indeed ir is cer- 
tain that all Objects which we ſee by the Help of a 


Looking - 
Glaſſes. 


- the Eye M very near it. 


Looking-Glaſs, do not impreſs their 


mage any where 


elſe but on the Bottom of the Eye, unleſs when we ſee 
them by Means of a concave Looking-Glaſs, under the 


Circumſtances mentioned in 


the ing Articles; and 


in that Caſe it is certain, that the Image impreſſed by 


the Image of che Candle ought to 
appear inverted to the 
Tab. IX, Eye KD. And becauſe 
Fig. 2. the Rays of every Pen- 
cil are reflected cun- 
verging, and after meeting ſome- 
where in a Focus, go from thence 
diverging to the Eye; therefore the 
Iapage will not appear = 4-44 the 
Glaſs, but on this Side of it, in 
that Focus. So likewiſe, in another 
Figzre, becauſe the Pencils GD, BC 
croſs each other, it is 
Tab. XVII. evident, that the Image 
Fig. 3. of the Candle GB ought 
to appear inverted to 
the Eye in Q; and alſo on this 
Side the Glaſs, and not beyond it, 
becauſe the Rays of every Pencil 
crols one another in a Focus, as was 
before explained. But why in this 
Caſe we mould not imagine it to be 
very near, (unleſs we look very in- 
rently upon it) when it is really ve- 
ry near, See the Notes on Chap. xxxiii. 
Art. 12. for the Caſe is the ſame 
here as in the Perſpective Glaſs 
there. | 
Fifthly, Let the Candle GB be at 
Some Diſtance from the Glaſs, and 
Then 
becauſe the Candle GB 
Tab. XVII. is ſeen by other Pen- 
Fig. 3. cils GHM, BCM which 
do not croſs each other; 
it — manifeſt, A Image of GB 
t to a ain, but more 
nuf 0 Pear ETECT ag 


But in this Caſe it is particular! 
to be obſerved, that the Eye M hat 
no way to judge either in what 


Vice, or at what Diſtance behind 


the Glaſs the Image of 
the Candle ought to ap- Tab. XVII. 
pear; for ſince the Rays Fig. 5. 
of every Pencil con- 

verge towards each other, that is, 
do not come from any given Point, 
but as it were from an infinite Di- 
ſtance, to enter into the Eye; and 
ſince thoſe reflected Rays BM, SM 
do not meet with their reſpective 
Perpendiculars of Incidence DT, FL, 
(from which meeting the Place of 
the Image is always determined) 
there remains nothing to judge of 
the Diſtance of the Image by but 
mere Prejudice. 


It was very ill * Catropticks 
therefore in * Te- Book III. 
guet, after he had ſo Prop. 30. 


well demonſtrated 
under this Head; that the reſlected J. 
mage in any Looking-Glaſs is always 
ſeen in the Place where the reſiected Ray 
meet with their Cathetus of Incidence, 
the Cathetus of Incidence is a Line 
wn from any 22 © Object 
icular to the G to ex 

Wa t Caſe as contradicting this Al- 
iom ; whereas it is no ways contra- 
dictory to it, For when the Eye 1s 
in ſuch a Poſition, as to receive the 
reflected Rays before they meet with 
their Catheti of Incidence, the Image 
cannot be ſeen where they meet, 
becauſe they don't meet any where ; 
neither is it ſeen in any other certain 
Place; but it affects the Eye as it it 
came from an infinite Diſtance; in 
the ſame manner as when the Rays 
come converging out of a Perſpe- 
ctive-Glaſs. See the Notes on Chap. 
XXXU, Art. 7. 


the 
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the Object, is not upon the Superficies of the Glaſs, but 
in the Air, in the Place where we imagine we ſee the 
Object, and where the Rays which come from every Part 
of it, are united after Reflexion. | 


1. Beſides ſuch Looking-Glaſſes, 
where we look upon one Superticies 
only, we may alſo conſider Perf] 
ctive-Glaſſes, or certain clear Glaſſes, 
as Looking-Glafles conſiſting of two 
Superficĩes; according to the Variety 
of which, there is allo a wonderful 
Variety of reflected Images. For not 
only the firſt Superficies which re- 
ceives the incident Rays out of Air, 
but alſo the ſecond Superficies which 
receives the Rays going out of Glaſs 
into 18 a reflected Image, 
us may by placing a e 
before ſuch a Glaſs. ita 

Firſt then, let a Candle be placed 
before a Glaſs which is plain on both 
Sides; then the Images reflected by 
each Superficies, will both be ſeen 
erect and exactly like each other, ex- 
gadef only, that That which is re- 
flected by the farther Superficies will 
ſeem a little more obſcure, becauſe a 
Feen many ot the Rays have already 

en reflected by the firſt Super- 


Secondly, Let the Glaſs be plain 
on the one Side, and convex on the 
other, then if the Candle be placed 
before the convex Superficies, the I- 
mage will be reflected erect by each 
Superficies (unleſs rhe Glaſs be of 
ſuch a Thickneſs, and the Fore-fide 
— ſo convex, that = Rays in 

through it are made converg- 
fog, pt nr we having been reflected 
by the plain Superficies, and paſſing 
a ſecond Time through the convex 
Side, meet in a Focus before = 
come to the Eye; in which Caſe 
the Image from the latter plain Su- 
perficies will be ſeen inverted) but 
chat which is from the firſt and 
gonvex Superficies, will appear leſs. 


| 


— if the Candle * — before 
plain Superficies, then the Image 
reflected from the firſt — 
will be erect again, and that from 
the further Superticies, which ig con- 
cave within, will be reflected in- 
verted, and will alſo ſeem to be 
much nearer to the Eye, than that 
from the firſt and plain Superti- 


cies. 
Thirdly, Let the Glaſs be plain on 
one Side, and concave on the other. 
Then if the Candle be placed betore 
the concave Superficies, the Image 
reflected from the firſt Superſicies 
will be inverted, and that from the 
further one, erect. But if the Can- 
dle be placed before the plain Su- 
perficies, the Images refl from 
each Superficies will be erect, but 
that from the further one, which is 
convex within, will appear leſs. 
Fourthly, Let the Glaſs be con- 
cave on one Side, and convex on 
the other. Then if the Candle be 
placed before the concave Superti- 
cies, the Images by each Superfi- 
cies will be inverred ; but if before 
the convex Side, they will be both 


erect. 

Fifthly, Let the Glaſs be convex 
on both Sides. Then che Image of 
che Candle = before it, will al- 
ways be reflected erect by the firſt 
Superficies 3 and always inverted by 
the other Superficies, which is con- 
cave within. 

Laſtly, Let the Glaſs be concave 
on both Sides. Then the Image of 


the Candle placed before it, will al- 
ways be reflected by the firſt Su- 

ticies inverted, and always erect 
Cc is convex 


the latter which 
within. 
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CH AP, XXXV. 


| A, Solution of ſome Problems concerning Viſon: 


e HOUGH I havebeen upon this Sub- 
s which 

= 22 dart ject of Viſion, yet I te 2 J have 
| 1 paſſed over a great many curious Queſtions, the Solu- 
| from a Can- tion of which, may perhaps be ſomewhat difficult to 
le. thoſe who are not well acquainted with our manner of 
Explication. That this Treatiſe therefore may be as 
little defective as poſſible, and to ſhow the Uſefulneſs 
of it, I ſhall here propoſe ſome. of theſe Sort of Que- 
ries ; and leave the Excellency, at leaſt the Truth of 
our Hypotheſis to be judged of, by ſeeing how eaſy it 
is to reſolve them. And Firſt, i ask; Whence it is, 
that when wwe look upon a lighted Candle at a little Di- 
ſtance with our Eyes winking, there ſeem to come Rays 7 

Light from the Blame of the Candle, and dart upwar 
and downwards into the Air? And whence is it alſo, 
that if an opake Body be put between the Eye and the 
Place where we ſee the uppermoſt Rays, we ſtill continue to 
| fee them, and on the contrary, ceaſe to ſee the lowermoſt 
725 IX. Rays? In order to underſtand the Reaſon of theſe Phæ- 
5  nomena, let us conſider the Eye A, the Eye-lids of 
which H, I. are ſo near each other, that there is only 
2 very narrow Paſſage left, trove which the Rays 
which come from the Candle BCD paſs to impreſs its 
Image on the Part of the Retina EFG in the manner 
above explained: Further, it is to be obſerved, that 
the Parts H and I (which are uſed to touch one ano- 
ther when the Eye is cloſe ſhut,) are fo ſmooth, that 
they reſemble 1 two ſmall convex Looking - Glaſſes, 


which reflect the Rays of Light falling upon them, to- 


1. Two ſmall convex Looking- } are refracted by the Humour which 
Claſſes) The Rays in this Caſe, are | ſticks to the out-fide of them; in 
Hot reflected by the inward Super- explaining all the reſt of this Phæno- 
facies of the Eye-lids themſelves, in | menon; the Reaſon is the ſame. 

Po prayer of Looming-Ffigites, buy 7 = | 
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wards the Retina, to the Parts of it EK, FL, which 
otherwiſe would not have been affected but by Objects 
which are about BM and CN. Wherefore the Impreſ- 
fion made upon EK cauſe the Ap ce of bright 
Rays, which we refer to the Place BM, and the Im- 

on made on GL cauſe the Appearance of the 

ays which we imagine to be in CN. But that which 
is moſt worthy of Obſervation here, is, that the Part 
of the Flame B, which illuminates the lower Eye-lid I 
by Rays which are reflected to the upper Part of the 
Retina LG, cauſe the Ap ce of the lower Rays 
CN; wherefore if an opake oy OP be put between 
the Eye and upper Part of the Flame, we ſhall ceaſe 
to ſee the lower Rays, and continue to fee the upper 
ones, becauſe they are ſeen by Means of the Rays 
CH, which come from the Bottom of the Flame, and 
which are not intercepted. And all the Difference that 
we ſhall find in theſe upper Rays, is this; that where- 
as before they ſeemed to be in BM, they will now 
ſeem to be on this Side the opake Body OP. Bur 
when the Eye is open as uſual, that is, when the Eye- 
lids come no nearer than 8 and T, we ought not to 
ſee theſe Rays of Light; becauſe the Rays which fall 
upon thoſe Places which we now compared to Looking- 

Claſſes enter but a little Way into the aqueous Humour 
at furtheſt, and are hindred from going any further by the 
Uveous Tunicł. | 

2. Whence is it that when a Fire-brand is turned round, 2. Of a Fire- 
we ſee à Circle of Fire through which it paſſed ? The Rea- v tamed 
fon of this, is, becauſe the Fire-brand makes a circular 
Impreſſion upon the Retina, and the Motion of it being 
very quick, ſome of the Impreſſion made at firſt remains 
till it returns again. 

3. From this Phxnomenon we may draw this Con- 3: That the 
clulion, that though Viſion is made in an Inſtant, it does 2 H See- 
however continue ſome ſhort Space of Time. fine chin 

4. Whence is it that a Cannon-Ball, or any other black 4. Why we 
Body, - paſſing very quick before a white Wall, cannot be ger at all 


perceived at all ? The Reaſon is, becauſe a black Bo- Zl eb 


dy making no Impreſſion upon the Eye; the Ball in- move very 
terrupts the Rays of Light reflected from the Wall, fo 70. 
very little, that the Motion which theſe Rays excited 

. the Eye juſt before, is continged in it for fo ſhort a 


5. Why 


- LUME, 


485 NOHA SYSTEM Par . 
Hh ſme F. Why do ſome Perſons ſee diſtinctly at a certain Di- 
—.— 4 ſtance only, and "ud confuſed at a greater or leſſer Di- 
&findly,at ſtance ? It is 1 becauſe they are ſo accuſtomed to look 
« certain Di- at that Diſtance, that the Muſcles by which the Figure 
Hence eng. of the Eye is altered, are grown tiff, and uncapable 
of performing their Office; in the ſame manner as the 
other Muſcles of the Body are uncapable of movin 
the Members of it, if they have not been exerciſ 
for a long Time. To which we may add; that the 
Tunicks which contain the three Humours of the Eye, 
2 that they will not fo eaſily yield as 
Fe... 
6. Of ißt 6. Whence is it that an Object which ars confu- 
3 fed, when we look at it too — may be ſeen very di- 
made with ffinckly at the ſame Diſtance through a Hole made with a 
Needl, in a fine Card, or a Piece of Paper ? The Rea- 
ſon is, becauſe the Eye then receiving a leſs Quantity 
of Rays from every Point of the Object, each of them 
paints its Image but upon a very ſmall Space, fo that they 
which come trom two neighbouring Points, do not con- 
| found each other's Actions. 2 
7. Whence 


1. Becanſe they are ſo acenftom- |, fall upon X, and therefore it will 
ed, &c.) This often happens to ſome | be ſeen in A. Laſtly, it will al- 
particular Sort of Workmen, as En- | ſo intercept the Ray CY, whoſe 
gravers, &c. and ought to be look'd | Shadow will fall on Y, andthere- 
upon as a particular Sort of Diſ- fore it will be ſeen in C. Neither 
temper. op is it neceſſary that an opake Body 
2. It may alſo here be enquired; | ſhould be ſuſpended in a Hole at 
Why a very ſmall opake Body ſaſ- all: For fince the s that come 
pended in the Middle of an Hole be- | from a great many lucid Bodies, 
teen the Eye and a great crols one another in the Tunica 
Lights, is mmltiplied f. as to be | Cornea, if nd your Eyes upon 
ſeen before every Light ? The Rea- | a Fire of burning Coals, and pur 
ſon is, becauſe the Rays croſs one | a very ſlender Iron-rod cloſe to your 
another in that Hole, and are in- Eye, it will be greatly multiplied, 
rercepted by the ſmall opake Bo- | and ſeen as it were before every 
dy. Let us imagine | Coal. 
Tab. VI. GHILN to be the Eye, Secondly, Why an Obje@ is ſeen 
PEDFQ the ſmall Hole | donble when looked at with one Eye 
in the Paper, HD- the ſmall = through two Holes made in a Pa- 
Body ſuſpended in the Middle of | per cloſe to each other? In order 
the Hole; and A, B, C, three Can- | to account for this Effect, it is to 
dles. This being ſuppoſed, the Bo- | be obſerved, that the Obje&s are 
dy HD will intercept the Ray | never ſeen double, but when all 
; then the Shadow of that Bo- | the Kays of the ſame Pencil, meet 
dy will fall on O, and therefore | together before they come to the 
the Body it ſelf will be ſeen in B; | Bottom of the Eye, or after they 
ſo likewiſe ir will intercept the | are paſſed beyond it. In order to 
Ray AX 3 ſo that its Shadow will | have theſe Rays men CPN 
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for 7. Why they 


Chap. 35. of NATURAL PHILOSOPHY, 
7. Whence is it that thoſs who have been couched 


7 
a Cataratts, can fee but confuſedly afterwards, and why do  bave * 
K they want very large convex Glaſſes in order to ſee di- Coraran; 
re inttly ? Before we reſolve this Queſtion, it is to be ob- wan: large 
le ſerved, that a Cataract is not a Pearly Subſtance form- % 4 
5 ed between the Aqueous and Chryſtalline Humours, as 
ki | has been long imagined, but is an Alteration made in 
the Chryſtalline Humour it ſelf, which has thereby in- 
1 tirely loſt its Tranſpar and is become opake, it not 
| * P ; 
Co through the whole Subſtance of it, yet at leaſt in ſome 
* Part of it; which may very eaſily be, for this Humour 
7 is compoſed of a great many Membranes one u 
1 another, which become viſible when it is boiled. Whence 
a 
a- fore they arrive at the { the Arrow will be ſeen double again, 
ty Tab. X. Bottom of the Eye, let us | but ſo that the Images of it upon 
| ſuppoſe CDE to be the | ſtopping the Holes by Turns, will 
m Pupil of a young deep Eye, the mid- | diſappear in the contrary manner to 
cy dle Part ot which D is covered by | what they did before. Further, 
n- the ſmall Interſtice between the |. the ſame Argument we may collect, 
| Holes of the Paper; and let OQNPR | that if there be a many Holes 
—— Bottom of — Eye. Now | inſtead of Two, t — ht to be 
ce e this opake intercepts a | a great many Images of the Object 
great many Tz Rays, and for | feen. Laſtly, Why the Body which 
that Reaſon makes all the Pencils ] appears double in this manner, a 
hollow, that is, without any Rays | pears to be edged with Colours &- 
vill in the Middle of them, it is evi- | may be ſeen in the Notes on Chap. 
al- dent that the Point A is ſeen in | xXxvii- Art. 65. towards the End. 
ole the Place marked 2 by the extreme Thirdly, Why, if there be two 
re- Rays HR, and a few others near | Candles A and B fo placed, that 
her them, and in the Place marked 3 | throngh the Hole &, only the Candle 
ody by the Rays HQ, HN, whereas, o- 4 can be ſeen with the right Eye 
ar therwiſe it would have been ſeen | F, and only the Candle B with the 
me only confuſedly in A by the mid- | left Eye D; when both the Eyes are 
ies, dle Rays P, and thoſe which ſur- | open together, is there one Candle umly 
ca — — — And becauſe the ſame — as if 7 _ in H; but the 
n Thing bappens in every other Point | Candles mn both of the ſame 
— of the Arrow, it ſhows that it | Heighth, and at the ſame * no 
our ought ſo to appear double, that | opake Bodies muſt be ſeln with which 
ied, when the right Hole DE of the o- | the true Places of the Candles A and 
ery — Body which covers the Pupil is | B may be compared? The Reaſon 
pped, the left Image OQ, and | hereof, is, That becauſe one Candle 
ſeen the Arrow on the right Side diſ- only can be ſeen by each Eye; and 
Eye appear; and if the left Hole be ſtop- one Eye only makes a very bad 
Pa- = 4 up the right Image and left Ar- | Judgement the true Diſtance of 
rder row diſappear. But if on the other Objects; each of theſe Candles are 
5 to Hand, we ſuppoſe the Eye to be old | therefore ſeen nearer than it really 
are and flat, ſo that the Bottom of it is | is, the one in the Line AF, and 
all not OQNPR, but very near GYH, | the other in the Line BD, and there- 
nee: and that the Rays of every Pencil | fore they ſeem both to unite in the 
the arrive at the Bottom ot the Eye be- common Place H as if they were 
they fore they are colle&ed into a Point, | but one. 
r to | 
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ROHAULT's SYSTEM 
it follows, that when the Cataract is taken away, the 
whole Chryſtalline Humour is taken away, or at leaſt, 
is made flatter or leſs convex than it was before : 
Now if this Humour be leſs convex than it was before, 
the Rays which the Eye receives from every Point of 


the Object will not be ſo much refracted, or will not 


incline ſo much to each other, as to be able to unite 
together when they come at the Retina; and this muſt 


make the Viſion confuſed. But this may be remedied by 


the Help of a very convex Glaſs, which makes the Rays 
that were before diverging, become converging when they 

enter into the Eye. 
d. My we ſte 8. Why do Divers, when they are under Water, ſee all 
confuſedly, Things confuſed. unleſs they make uſe Very convex 
e. Glaſſes ? Reaſon is, becauſe the Rays of Light 
which come to them from the Object, are very little 
refracted in paſſing out of Water into the Aqueous Hu- 
mour of the Eye, ſo that thoſe Rays which come from 
the ſame Point, are not united together when they fall 
_ the Retina; and this is remedied by very convex 

laſſes. 23 iy 32 
„fe 9. Laſtly, Whence % it, that if we ſhut one Eye, and 
er tene book intently with the other, upon a ſmall Object, which is 
pox a ſmall at ſix Foot Diſtance, ſe, we cannot at the ſame Time 
ſmall at fe ſuppo 
hed, — fee another 201 Object which — - a little more 72 
ber u half a Foot Diſtance it; though we can ſee it, if it 
Object which me little nearer, 9% And further off? The Reaſon 
d very near jg, becauſe when this other ſmall Object is at the 
= Place where it cannot be ſeen, it impreſſes the Image 
exactly on that Part of the Bottom of the Eye where 
the Opzick Nerve enters in, and where the Separati- 
on of the Capillaments of this Nerve is made, in or- 
der to ſpread themſelves every Way, and cover the 
Bottom of the Eye; ſo that this Image has no Ef- 
fe, becauſe it does not fall upon the Extremities of the 
Capillaments of the Optic Nerve, which is neceſſary in 
For 9 to Sight, as has been before explained. 

10. That itz; 10. There are innumerable other Queſtions upon this 
Jonerimes Subject that might be asked; bur who rightly 
10 take the Underſtand the Nature of Viſion, will find it no great 
Pains to find Difficulty to reſolve themſelves, and the Pains which 
ont the Trath. they take in finding out the Solution of them, will 
make them have a clearer Notion of them, and render 
them more familiar: And as to thoſe who are _ 

| Pa 


Put I. 
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Chap. 35. of NarvRAL Patres r 


pable of underſtanding them, or who will not be at 


any Pains; it is to no purpoſe to attempt to fatisfy 
them, by explaining a great Number Queſtions. 
Wherefore I ſhall here conclude this firſt Part; which 
is ſufficient to content all reaſonable Perſons, and to 
open the Minds of ſuch, that they may for the future 
proceed in a right Method of diſcovering the Truth, 


and avoiding Error, which are the Two Things we _ : 
or 


principally to have in View in all humane Sciences. 

the Exactneſs and Improvement of Reaſon, together 
with ſuch a Freedom and eſs of Mind, as may ren- 
der it capable of judging ſincerely and impartially, and 
of clearing it ſelf of all Difficulties, are incomparably 
more to be valued than the Knowledge of all the Sciences 
in the World. : 


The End of the Firſt Part: 
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B O OK S Written | the Reverend Dr. S Au uz I 
CLARKE; Aud Printed for James KxAPTOx, 
at the CROWN #n St L'S-CHURCH=YARD 

385 ; 


Diſcourſe concerning the Being and Attributes of God, 

the Obligations of Natural Religion, and the Truth 
and Certainty of the Chriſtian Revelation: In Anſwer to 
Mr. Hobb's, Spinoza, the Author of the Oracles of Reaſon, 
and other Deniers of Natural and Revealed Religion, 
Being ſixteen Sermons Preached at the Cathedral-Church 
of St. Paul, in the Years 1704 and 1705, at the Lecture 
Founded by the Honourable Robert Boyle, Eſq; The fifth 
Edition, Correfted. There are added in this Edition, ſeve- 
ral Letters to Dr. Clarke from a Gentleman in Glouceſter- 


hire, relating to the firſt Volume; with the Doctors An- 


ſwers. Price 65. | 

A Paraphraſe on the four — 10 Wherein, for the 
clearer Underſtanding the Sacred Hiſtory, the whole Text 
and Paraphraſe are Printed in ſeparate Columns over- againſt 
each other. Together with. critical: Notes on the more dif- 


cult Paſſages. Very uſeful for Families. In two Vols. 


The Fourth Edition, 8 vo. pr. 125. 

Three Practical Eſſays on Baptiſm, Confirmation, and 
Repentance: Containing full Inſtructions for a holy Life, 
with earneſt Exhortations, eſpecially to young Perſons, 
drawn from the Conſideration of the Severity of the Diſ- 
cipline of the Primitive-Church. The Fourth Edition. 
Pr. I 5. and for the Encouragement of the Charitable, 116 
for 51. bound. | 

A Letter to Mr. Dodwell; wherein all the Arguments 
in his Epiſtolary — againſt the Immortality of the 
Soul, are particularly anſwered, and the Judgment of the 
Fathers concerning that Matter truly repreſented, Toge- 
ther with Four Letters in Anſwer to the Author of Re- 
marks on the Letter to Mr. Dodwell. To which is ad- 
ded, ſome Reflections on that Part of a Book called Amyn- 
tor, or the Defenſe of Milton's Life, which relates to the 
Writings of the Primitive Fathers, and the Canon of the 
New-Teſtament. The Fifth Edition. pr. 45. 

A Collection of Papers, which paſſed between the late 
Learned Mr. Leibnitz, and Dr. Clarke, in the Years 1715 
and 1716; relating to the Principles of Natural 1 
and Religion. With an Appendix. To which are added, 
Letters to Dr. Clarke concerning Liberty and Neceſſity; 
from a Gentleman of the Univerſity of Cambridge, with 
the Doctor's Anſwers to them. Alſo Remarks upon a 
Book, Entitul'd, A Philoſophical Enquiry concerning hu- 
man Liberty. 

Six Sermons on ſeveral Occaſions. * 
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BOOKS Printed fer J. KNavpToN 


Jacobi Rohaulti Phyſica, Latine vertit, recenſuit, & 
uberioribus jam Annotationibus ex illuſtriſſimi 1/aaci New- 
foni Philoſophia maximam partem haultis, amplificavit & 
ornavit S. Clarke, S. T. P. Accedunt etiam in hac Quar- 
ti Editione, novæ aliquot Tabulæ æri inciſæ; & Annota- 
tiones multum ſunt auctæ, 8. pret. 85. 

I/. Newtoni Optice. Latine reddidit S. Clarke, S. T. P. 

C. Julii Cæſaris que extant, accuratiſſime cum Libris edi- 
tis & MSS, 1 collata, exc. Acceſſerunt Annotationes 
S. Clarke. S. T. P. | : 
The Scripture-Doctrine of the Trinity. In three Parts: 
Wherein alt the Texts in the New Teſtament relating to 
that Doctrine, and the principal Paſſages in the Liturgy of 
the Church of England, are collected, compared, and ex- 
plained. The Second Edition. pr. 6s. 

"A Letter to the Reverend Dr. Wells, Rector of Coteſ- 
bach in Leiceſterſhire. In Anſwer to his Remarks, ec. 
ets. 

A-Reply to the Objections of Robert Nelſon, Eſq; and of 
an Anonymous Author, againſt Dr. Clarke's Scripture-Do- 
arine of the Trinity; being a Commentary upon Forty ſe- 
lect Texts of Scripture. To which is added, an Anſwerto 
the Remarks of the Author of ſome Conſiderations con- 
cexning the Trinity, and the Ways of managing that Con- 
troverſy, in 8vo. pr. 45. 


Books written by J. Clarke, D. D. Chaplain to his Majeſty. 


An Enquiry into the Cauſe and Origin of Evil: In which 
the Principal Phænomena of Nature are explained, accord- 
ing to the true Principles of Philoſophy ; more particular- 
ly in Anſwer to Mr. Bayle, and other Defenders of the 
Antient Manichæan Scheme, of two independent Princi- 
ples. Being the Subſtance of Eight Sermons preached in 
the Year 1719, at the Lecture founded by the Honourable 
Robert Boyle, Eſq; 

An Enquiry into the Cauſe and Origin of Moral Evil. 
In which the preſent State and Condition of Mankind is 
conſidered and explained, upon the true Principles of Mo- 
rality and Revelation; and the Objections of the Antient 
and Modern Defenders of the Manichean Scheme, parti- 
cularly Mr. Bayle, fully anſwered. Being the Subſtance of 
Eight Sermons preached in the Year 1720, at the Lecture 
founded by the Honourable Robert Boyle, Eſq; 

The Truth of the Chriſtian Religion. In Six Books by Hugo 
Grotius, Corrected and illuſtrated with Notes, by Mr. le Clerc. 
To which is added, a Seventh Book, concerning this Queſti- 
on, What Chriſtian Church we ought to join our ſelves to? 
Tranſlated by Dr. Job» Clarke, The Second Edition, with 
Additions. BOOKS 
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BOOKS Printed for J. KnaPToON? 


BOOKS Written by the Right Reverend Father in 
God, BENJAMIN HoaDLYy, D. D. Lord Biſhop 
of HEREFORD. | 


HE Reaſonableneſs of Conformity to the Church of 
3 England. To which is added, the brief Defenſe of 
Epiſcopal Ordination. The Third Edition. price 6 s. 

The Original and Inſtitution of Civil Government, dif. 
cuſſed. The Second Edition. price 5 5. o 

Eighteen Diſcourſes concerning the Terms of Acceptance 
with God. The Second Edition. price 5 8. 

Several Tracts formerly publiſhed: Now collected into 
one Volume, To which are added Six Sermons never be- 
fore publiſhed, 8vo. price 6 s. 

The Meaſures of Submiſſion to the Civil Magiſtrate con- 
ſidered. The Fifth Edition. price 3s, 

A Preſervative againſt the Principles and Practices of the 
Nonjurors, ec. The Fifth Edition, pr. 15. 

e Nature of the Kingdom or Church of Chriſt; A 
Sermon preached before the King, March 31. 1717, The 
Fifteenth Edition. pr. 44. | 
An Anſwer to the Reverend Dr. Snape's Letter. pr. 6 d. 

An Anſwer to the Repreſentation drawn up by the Com. 
mittee of the Lower Houſe of Convocation, concerning 
ſeveral dangerous Poſitions and Doctrines contained in the 

| Biſhop of Barxgor's Preſervative and Sermon. The Second 
Edition. price 4s. 

An Anſwer to a Calumny caſt upon the Biſhop of Ban- 
gor, by the Reverend Dr. Sherlock, at the Concluſion of his 
Book entituled, A Vindication of the Corporation and II 
Acts, &c. pr. 34. 

An Anſwer to a late Book written by the Reverend Dr. 
Sherlock, entituled, The Condition and Example of our Bleſ- 


ſed Saviour vindicated, pr. 1. 

The common Rights of Subjects, defended: And the 
Nature of the Sacramental Teſt, conſidered. In Anſwer to 
the Dean of Chicheſter's Vindication of the Corporation and 
Teſt Acts. pr. 35. 6d. 

An Anſwer to the Reverend Dr. Hare's Sermon : with a 
Poſtſcript occaſioned by the Lord Biſhop of Oxford's late 
Charge to his Clergy. 

Six Sermons on ſeyeral Occaſions, 


Tm . 


The Works of William chilling worth, M. A. of the Univerſity of Oxford. 
Containing his Book, Entituled, The Religion of Proteſtants a ſafe May u 
Salvation: Together with his Nine Sermons preached before the King, or 

upon eminent Occaſions, His Letter to Mr. Lewgar, &c. The Seventh Edi. 
tion, compared with all the Editions now extant, and made more correct 
than any of the former. In this Edition are added, Two Letters written by 


the Author V. Chillingworth, M. A. never before printed. 
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